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I 

The “ Overflow Irrigation ” of Bengal 

1. “0 thou River, who didst bring forth all 

things ; when the great gods dug thee out, they set 
prosperity upon thy banks.’-’ Such was the invo- 
cation of some old world Babylonian seer to the 
River Euphrates ; and this invocation might be 
made with fissiirauce in this our modern world to all 
those rivers whose turbid flood waters are made use 
of for poaring health and wealth over tlic lands on 
their banks. Irrigation is the oldest applied science 
in the world ; and the most ancient centres of irri- 
gation were the seats of tlic oldest civilizations, 
because liealtliy irrigation on an extended scale was 
and is the great school of civilization. Successful 
irrigation on extensive systems was impossible un- 
less men were ready fco work in accord with each 
other, lo respect each other’s rights, to combine 
together and obey their own regulations, and finally 
to exei-cise their intelligence to the full, and. so live 
in healthy surroundings, free from danger, and with 
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plenty to eat. It was to the {liSicrolties of the prob- 
lems which faced the first Bengal irrigators and to 
their successful overcoming of' them that I attribute 
your undoubted brain power and your passion for 
co-operation; and long may God give it to you to 
enjoy both. 

2. Born in India over 77 years ago in a tent 
or an irrigation canal, I have spent my whole life 
on irrigation works and in irrigated countries, and 
I deem it a high honour to give you of my very best 
to help to bring back your ancient i iio-; to its 
palmy days, before the break-up of the Mogul Em- 
pire in the 18th century struck it its first severe 
blow. And it is with a double pleasure that I give 
of my very best, for I am firmly convinced that the 
only means by which cheap food and necessaries 
and liealthy surroundings can be secured for the 
many millions of your poor, are (1) the use of the 
muddy water.s of your rivers to irrigate your fields, 
and (2) the wise regulntion of the Hooghly to keep 
your hai'boiu's abreast of the shipping requirements 
of the day. Tlicse two objectives are bound together 
in one sheaf, and you will learn much about them. 
Keep them always before you. 

3. Some r3,000 years ago the Egyptians intro- 
duced their system of basin irrigation into the Nile 
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iValley by; digging canalte which are in use to-day 
and leading the turbid waters of the Nile into eni” 
banked basins which are working to-'day. The tur- 
bid waters of the Nile floods entered these basins 
and covered the land with their rich deposit. As 
the Nile ebbed, the husbandmen followed the re- 
treating water and scattered their grain over the 
slime and ooze. No further irrigation was required 
for the crops were all winter crops. Contempora- 
neously with them, the Babylonians began their 
system of perennial irrigation in the joint delta of 
the Euphrates and Tigris. It has been my privilege 
to study both these systems on the ground, to resus- 
citate the great reservoir of the Pharaohs of the 12th 
dynasty of 4,000 years ago, and to project and be- 
gin the resuscitation of the ancient reservoir of the 
Babylonia, n kings of more than 4,000 years ago. 
This I should have finished if the Wali of Bagdad 
had not spent on the army the mcney allotted for 
the work. To-day I am privileged to show you 
what was the system of “ overflow irrigation 
evolved by the rulers of ancient Bengal some 3,000 
years ago and to let you see how such irrigation can 
be reintroduced in the G-anges and Damodar deltas, 
and bring in again the health and wealth which 
Central and Western Bengal once enjoyed. The 
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plains of Central Bengal will not only be employed 
to have the wealtri of Eastern Bengal transported 
across them, but will be again pouring their own 
wealth into the capital of their country. 

4. The delta of the G-anges is no rainless land 
like Egypt, nor is it a dry, thirsty land like Baby- 
lonia. It enjoys a rainfall of from 50 to 60 inches 
just when all the rivers are in flood ; and it was to 
make full use of the rich waters of the Ganges and 
Damodar floods and the abundant but poor water 
of the monsoon rainfall that some early Bengal king 

iiii: ii -v'! put in practice the system of “over- 
flow irrigation” of the Ganges and Damodar deltas 
which insured heal I h and wealth to Bengal for very 
many luindreds of years. This system is as perfect- 
ly suited to meet the special needs of Bengal as 
‘ ‘ basin irrigation ’ ’ suits those of Egypt or ‘ ‘ peren- 
nial irrigation ” meets those of Babylonia. 

5. Bengal Vvith its heavy monsoon rainfall 
between June and October is marked out for rice 
cultivation. Such cultivation is possible without 
flood irrigation from the rivers ; but, if dependent 
altogether on rainfall, it impoverishes the soil and 
can produce malaria though it cannot combat it. 
Novr these aiicicnl: kings and peoples came from the 
north-west and must have had with them many ex- 
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perts from the Euphrates and the Nile ; for the irri- 
gation of Babylonia niul Egypt was not practised in 
a corner. The whole world knew about it. The 
genius of Bhagiratli showed itself in the way he de- 
cided to mingle in the fields of standing rice, the 
fertilising and health-giving waters of the i-ivers in 
flood with the poor water of the monsoon rainfall. 
This was possible because the river floods and the 
monsoon rainfall came together. The distinguish- 
ing feature of the irrigation was that : — 

(1) The canals were broad and shallow 

carrying the crest waters of the 
river floods, rich in fine clay and 
free from coarse sand. 

(2) The canals wcuc long and continuous 

and fairly parallel to each other, 
and at the right distance from each 
other for purposes of irrigation. 

(3) The irrigation was performed by cuts 

in the banks of the canals, which 
were closed when the flood was 
over. These artificial cuts are to- 
day called “ Kanwas ’’ in Bhagal- 
pur. This is a very interesting 
word of wdiich you will hear again. 
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It has a history. (You see these 
distinguishing features wherever 
you see the iiandiwoi’K of the kings 
of Bengal. To the basin irrigation 
of Egypt cross banks are a neces- 
sity. To the “overflow irrigation” 
of Bengal cross banks are an abo- 
mination, unless they are freely 
pierced by openings.) 

6. The procedure at the time of irrigation 
must have been as follows : — Once the engineers 
made the breaches, the water was handed over to 
the local boards, and the local boards working 
through the peasantry were expected to see to it 
that the water reached every field. Water cannot 
be left to itself ; it goes along the line of least re- 
sistance, oYcr-irrigales in one place and does not 
irrigate at all in another. No suppression of malaria 
is possible on such line'-, as mosquitoes travel. Nor 
can there be any enriching of the soil. But with 
properly controlled overflow irrigation they had 
both. They had a supply of river water far in ex- 
cess of actual requirements, but they needed this 
excess supply to insure the irrigation of every indi- 
vidual field. The following of such water from 
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field to field and the becoming as much interested in 
one’s neighbour’s property as in one’s own (for 
they could not separate their neighbour’s interests 
from their own) elevated everyone engaged in it. 
Such work was a better field for developing ehiirMCie;- 
than any school. I have purposely put these facts 
in detail before you, to increase your interest in this 
past history of your ancient irrigation, and to 
bring its realities home to you. Your inherited love 
of eo-operation did not descend on you from the 
clouds; it came v. ilk the distribution of the muddy 
waters of your “ overflow canals.” It will stand 
you in good stead when ‘ ‘overflow irrigation’ ’ is re- 
introduced. 

7. I have said that the ” overflow irrigation ” 
of the ancient kings was given to the fields through, 
artificial cuts in the banks, vvljich cuts are to-day 
known in the neighbouring district of Bhagalpur by 
the name of ” Kanwa.” This is one of thirty irri- 
gation terms used in the District GaxcUccr of Bha- 
galpuT of which all the terms are ancient words ex- 
cept one. The single exception is ” sulus ” or 
” sluice.” The word “Kanwa ” is derived from 
“ Kan ” an old Persian or Arabic word, meaning 
“ to dig.” It was undoubtedly take.n from irri- 
gated Babylonia, whicl] lay between Arabia and 
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Persia. These cuts, when made in the main river 
banks as heads for ‘ ‘ overflow canals, ’ ’ were called 
names connected the word “ Kan,” Thus in 
the Damodar area we have a number of channels 
which me cfillcd “ Knna Nuddee,” while in Hooghly 
we have three separate “Kana Nnddecs,” as well as 
” Kana Damodar,” “ Kunti Nuddee ” and “ Kin- 
tool Nuddee,” all old artificial works. Then there 
are several ” Kani Nuddees ” and a “ Kana Dal- 
kishar;” the last of wdiich p---~ihlv be any- 

thing except a cut to carry very muddy water. These 
cimals bore these names when they were living 
.'■iiT.ins f'li!! of vitnlity; and though to-dny they are 
nothing, but long chains of pools of water, 

breeding malaria and poverty, they are .-till called 
“ Kanas ” and “ Kanis.” And because there is 
another woi“d “ Kana ” meaning “blind ” pessi- 
mists have jumped to the conclusion (h.it these 
“Kanas” are “blind rivers.” Tlicy have acted 
in the sanie way in Central Bengal ; the pessimists 
have called all the old canals in Central Bengal 
“ dead rivers.’- As a matter of fact these “blind” 
aiiul ‘‘dead” canals are tlio only seeing and living 
iri'igation works in the whole of Bengal. They hrive 
vision ; they have a future. They are neither blind 
nor dead, but they have a potency of life in them ; 
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and, like those fabled dragon’s teeth, when sown 
up and down, they will one day spring up full-grown 
men. 

8. We have so far spoken principally of the 
agricultural value of muddy flood water, we shall 
now say something about its value from the point of 
view of public health. Dr. Bentley, Director of 
Public Health in Bengal, stands before the world as 
the apostle of the prevention of malaria by irriga- 
tion with muddy flood water, and when something 
is done in Bengal, Bengal will owe more to him than 
to any human being alive to-day. He shows in his 
striking book “ Malaria and Agriculture ’ ■ (Ben- 
gal Secretariat Book Depot, Calcutta, 1925 : price 
Es. 2-2 or 4s.) that the increase of irrigation with 
muddy flood water and the decrease of malaria are 
one and the same thing in Bengal, as they are in 
all deltas. I have never read a more convincing 
work in my life. And you will see that the history 
of the overflow irrigation ” of Bengal, which I 
am now entering upon, v^ill bear out every word of 
what he has written— Central and Western Bengal 
owed their health and their wealth entirely to the 
‘ ‘ overflow irrigation ’ ’ from the ancient canals of 
the Ganges-Damodar delta, and, if Dr. Bentley had 
been listened to these last ten years, they would 
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have been owing it to-day. I heard of his gallant 
fight for flood irrigation eight years ago and am 
sorry indeed I only came here in the spring of 1928, 
and that at the imitation of Miss MacLeod and her 
i' icBds In. ijijgland who love to work with the poor. 
God bless them, and their work. 

9. The MaJiahharata tells ns that as Bhagi- 
rath followed by Ganga descended the Ganges 
valley, near the head of the Delta, ; rested 

to eat his meal ; and Ganga, hearing the sound of 
Padmavati’s shell, fhr>:igb-J- it was Bhagii-iiih'^ and 
followed her in her eastern course down the Padma. 
It was then that Bhagirath sounded his shell and 
Ganga recognised her mistake. She retraced her 
steps and went southwards. Following the genius 
of your country, your ancient writers described the 
physical facts tbcv were writing nljout in spiritual 
language, but the facts wm’e there all the same. 
Every canal which went southwa-rds, whether it has 
become a river like the Bhagirathi, or remained a 
ca Lilli like ilic 'Minhabharigi). was originally a canal. 
They were lined out and diig fairly parallel to each 
other. They were spaced apart and placed just 
about the distance ib.‘! Ciiis;:!- 1,0 placed. 

I remember quite well when I began to line out a 
system of canals for the irrigation of the country, 
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I was astonished to find everywhere that a so-called 
- ‘ dead river ” on the map was just where a canal 
should be placed. Leaving out the numerous cross 
cuts with which 200 years of neglect have covered 
the map, and which represent scoured out channels 
for the -- Kanwas which were always left open at 
the same spots and not annually moved as they 
should have been, the long continued parallel align- 
ments of the main canals can be readily seen by a 
:> i'v . They are very different to the 

tangled, meaningless mass of waterways [which are 
to be seen south-east of Faridpur, where we have 
nature’s undirected handiwork. The Mathabhanga is 
the true ridge of the country, and from it were led off 
so many canals that i.l:c liathabhanga iLself dwindled 
in size as it continued its course, and hence its 
name of llni’habhauga ’or “ broken-headed.” 

10. It must be always kept in mind that or- 
dinary irrigation' canals carry nothing but river 
water from start to finish, but the “ overflow 
canals of Bengal worked under different condi- 
tions. The irrigation of the country was done prin- 
cipally by rainfall and the river water was used to 
manure the rainfall, and kill the mosquitoes or de- 
prive them of their malignity. Such canals were 
real canals at their heads carrying nothing but river 


12 


iKRlGATION ;!.S ROCAI 


water; while at their tails they were practically 
drains carrying little but rain water which had 
drained tbi;cuglj. tlic fields. This matter will assume 
a great importance when we come to consider the 
restoration of this ancient irrigation. 

11. Now let us turn to the Damodar river. 
The Damodar is a very ancient river, and the origi- 
nal course of the main stream must have been past 
Burdwan, Eanaghat, South of Krishnagar, and 
Jessore, with its delta spread out north and south of 
this line. All the small rivers coming from the west 
like the Ajai had also deltas of their own with the 
main slope from west to east. When at a com- 
paratively recent date, after convulsions in the north 
which gave birth to the Himalayas, the G-anges 
came down from the west, it w^as confined on the 
north by the hard deposits we see at Eampoor Boa- 
lia, the Baral head and the Hardinge Bridge. On 
the south it was confined by the Damodar delta. It 
had to go eastwards and south-eastwards, with 
njiug;,! following the call of Padmavati’s shell, right 
down to the open water of the Bay. The Ganges, as 
it flowed on, filled up, with its lighter '-ili the 
valley between the hard northern deposits and the 
Damodar delta. This is the valley occupied by 
Murshidabad, Nadia and northern Paridpur, whose 
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soil in very great part, is composed of tlie light , silt 
which is so easily eroded, so soon dry, and so des- 
perately in need of irrigation with the clayey water 
of the surface flow of the Ganges flood. This muddy 
water is not only needed to renew the fertility of the 
soil and to combat malaria, but also to arrest the in- 
crease of that dangerous Kans grass which, when 
left alone, is capable of rendering the land quite 
sterile. 

12. When the Bengalis Icgar- the physical 
conquest of the delta, the valley occupied by Mur- 
shidabad, Nadia and northern Baridpur had been 
filled up, and the Ganges could be led southwards if 
skilfully handled. One of the first great public 
works appears to have been the taking of the peren- 
nial waters of the sacred Ganges to a very sacred 
shrine on the main stream of the old Damodar, by 
the Bhagirathi, or the Bhagirathi and the Jelingi. 
If one reads carefully the account in the Ramayana 
one sees that the reference is to the diver- 
sion of a portion of the perennial water? 
of the Canges, which 50,000 of the King’s subjects 
could not accomplish, but which Bhagirath, the 
King’s grandson, accomplished by Ms ingenuity. 
These spiritual interpretations of physical faclis in 
the old classics are delightful studies. To allow the 
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perennial supply from the Ganges to be maintained 
in the Hooghly (as the joint stream of the Bhagi- 
rathi and the Jelingi was called below their junc- 
tion), the Damodar itself had to be controlled. The 
main stream of the Damodar was closed at the right 
angular bend, and the whole supply of the river 
turned down south past Jamalpur, with heavy em- 
bankment on its left bank to protect the rich lands 
of southern Burdwan, Hooghly and Howi-ah. To 
irrigate these rich lands, seven canals were dug and 
the whole seven canals constituted a new delta. 
These canals or “ Kanas ” relieved the new Dando- 
dar, and between them they disposed of the whole 
excess supply which passed Burdwan. 

13. Let anj'Oiie follow the long-continiicd, 
well-spaced ;diL;*irnc:'l ' “f these seven canals, of the 
main canals in Central Bengal, and in the Tanjore 
delta, and he will not be l.o 1 <!: o that his- 

ior;. i*- ilici the Ghola Kings of Bengal con- 
quered southern India, became masters of the Tan- 
jore delta, and introduced their system of irrigation 
there. These Chola Kings were great irrigators of 
the type of the Pharaohs of the 12th dynasty who 
made Lake Moeris in the Nile Valley and with their 
works :-i\ })11('d ilie feats of the first dynasty Pharaohs 
who introduced basin irrigation into the Nile Valley. 
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14. That the Damodar has been turned out of 
its delta is confirmed by the fact that in going down 
the left bank of the Damodar of to-day, one finds 
oneself, south of Jamalpur, out of the delta of the 
Damodar, with the river itself up in the air. This is 
south of the old delta of the Damodar. It is the same 
to the north of it. As one comes down the Bhagi- 
rathi, one finds the river kept from overflowing the 
country past Berhampur and southwards ; but fur- 
ther south the bank ends and there is no need of pro- 
tection. We are up against the deltas of the Ajai 
and the ancient Damodar. 

15. Let no one imagine that a feat like that 
of turning the Damodar was beyond the power of a 
man like Bhagirath. About 6,000 years ago King 
Menes turned the Nile from the extreme western 
limit of the valley to the eastern limit to protect the 
temples of Memphis from the eastern nomads. It was 
also about 5,000 years ago that some- ancient Baby- 
loniaTi king, tradition says Nimrod, turned the Tigris 
out of its course by a boldly planned work, which 
stood for 4,000 years until Hal aim destroyed it and 
began the ruin of Babylonia . The old reservoir of the 
Nile Valley constructed 4,000 years ago was one of 
the seven v^onders of the ancient world. All these 
ancient irrigators were real giants, and any engineer 
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from any country in the world is justified in feeling 
flattered by being in any way connected with the 
restoration of the great irrigation works of antiquity, 
whether the works were in Africa or Asia. 

16. The “ overflow canals ” of Bengal fall 
behind the great irrigation works of other countries 
in no particular whatever. First of all stands the 
magnitude of the work. Take the country traversed 
by these canals on the Granges and the Bamodar, 
and we have an irrigated area which could not have 
been under 7,000,000 acres. And then we have 
canals aligned and designed on the soundest princi- 
ples, which worked for many hundreds of years and 
were only dislocated by a generation of civil war 
and discord. Speaking of these canals, or “ dead 
rivers ” as they are called to-day, we may say : 

(1) The spacing apart of the canals is just 
where canals would be placed tvC-d ay if 
there were none already on the ground. 

(2) They are fairly pnrnllrl and continuous 
in the direction in which they start, 
which is absolutely artificial. 

(3) They are wide and shallow to carry the 
beneficial muddy surface waters of the 



THE OVERFLOW IRRIGATION OF BENGAL 17 


rivers and avoid the harmful sandy 
waters of the beds. 

(4) The villages are constructed on their 
banks as villages wouhl naturally be 
constructed, under the conditions in 
Bengal, on raised banks. 

(5) All the canals were origin ally dug 

straight as a matter of course, but their 
winding courses to-day are a true gauge 
of the friability of 11 ic soil they traverse. 
Their winding courses along their ori- 
ginal aligiinu'Mts are nature’s masterful 
handiwork. No fresh l('\-('!ling iind sur- 
veying is required as a rule. The canals 
need clearing out and embanking with 
the excavated material. Water ran 
down them in the past. It will run 
down them in the future. They are 
spaced ready for overflow iiui. 

All they want are superfluous and re- 
dundant bends cut off. 

17. We know something about the history of 
these works. iid ih !i Norihiri' India 

was conquerred and settled by Indo-Europeans be- 
tween B.C. 2000 and 900, and the Epics of the 
3 
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Mahahharata and Ramaydna preserve records of 
their feats, much of it in spiritual language, which 
we have already reduced in places to concrete physi- 
cal facts. The irrigation works of Egypt and Baby- 
lonia were ancient history in those days. The Ghola 
Kings who lived in Bengal about 2,000 years ago 
were the heritors of a system of irrigation which 
they took wiili them when they conquered the ex- 
treme south of the Peninsula and which they intro- 
duced into the Taujore delta. Their handiwork can 
be seen to-day in Taujore in working order; and 
what we see is exactly what we see in Bengal al- 
though it is not in working order. 

18. In the middle of the seven tieeuth century 
A.D., round about 1660, Bernier twice visited 
Bengal and wrote about what he saw before the 
break-up of the Mogul Empire and the long conti- 
nued fight i-H'iwcen the Mahrattas and the Afghans 
!::ul ih'-' id/.;-.,! the ancient “ overflow irrigation ” 
of Bengal. In one of his works he says : — 

The knowledge I have acquired of Bengal 
in two visits inclines me to believe that 
it is richer than Eg^'pt. It exports in 
abundance cottons and silks, rice, sugiu' 
and butter. It produces amply for its 
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own consumption of wheat, 'vegetalues, 
grains, fowls, ducks and geese. It has 
immense herds of pig' ■: :h 1 flocks of sheep 
and goats. Pish of every kind it has in 
profusion. Prom Eajmahal to the sea 
is an endless number of canals, cut in 
bygone ages from the Ganges by im- 
mense labour, for navigntion and irriga- 
gation, while the Indian considers the 
Ganges water as the best in the world. ’ ’ 

19. In 1794, after the Mahratta-Afghan wars 
had laid their Avithering hands on the “ overflow 
canals ” of the Ganges, a treatise was written by 
several piigb-i.-ivM in Calcutta and printed in 1803 
and 1806, from which I give a few quotations. 
These are taken from Indian Engineer- 

ing of 7th July, 1928 : — “ In the tract of annual 
inundation, insulated habitations and fields raised 
considerably above the level of the country exhibit 
the effects of patient industry.”..." There were 
dikes lo chcch the inundations ” and " reservoirs 
and dams constructed for irrigation.”..." Irrigation 
is less neglected than facility of transport. In the 
management of forced rice, dams retain the water 
on extensive plains, or preserve it in lakes to water 
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lower lands, as occasion may reijuirc. For either 
purpose much skill is exerted in regulating the sup- 
plies of water.”../' There are stupendous dikes, not 
altogether preventing inundation, but checking its 
stidden excesses,” and “ dams advantageously cons- 
tructed assist the cultivation of considerable tracts.” 
The treatise a.dds tfiat in earlier days things were 
better, and that resci'voirs, water-courses and dikes 

were in a prc^ i decay rather than in a state of 

improvement. 

20. In 1815 TTninilion passed throng]) Burd- 

wan, Hooghly and Howrah (the original Burdwan 
raj). Here is a description of this tract by him ; — 
” In productive agricultural value in proportion to 
its size, in the whole of TTin.du-ian, Burdwan 
claims first rank and Tanjore second.” This is 
very instructive. Though the ITnliralia-Afgliim 
wars had thoroughly disorganized the more difficult 
irrigation on the Ganges, the easier irrigation on 
the Damodar had held its own; and here we see the 
two tracts on the Damodar and in both en- 

joying the “ overflow irrigation ” of the Bengal 
TIings, classed as the two most productive tracts i]"i 
the whole of India. 

21. It is evident that by 1815 the zemindaj’s 
and tenants of Central Bengal had neglected the 
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clearing of the canals and the repairing of the banks 
with the silt so cleared, a work known as “ pnl- 
bandi,” and which in Egypt the forced labour gangs 
liad done for 6,000 w-n-- until the English freed the 
forced labour and did the work by contractors. 
Tliis negligence began in Bengal in the troublous 
1 r?i ] I I'aiLi -A fghi'.n wars, and the early English who 
were traders and sailors knew nothing about irriga- 
tion. Seeing many waterways neglected and un- 
used after the wars, they thought the canals (called 
by them rivers) were only for navigation and they 
left them alone. This negligence made Central 
Bengal in 1815 cede the place of honour it held in 
1()60 in Bernier’s day, to Burdwan whose river, the 
BaTiiodar, was much better placed for irrigation than 
the Ganges. Decay had begun in Central Bengal, 
and it began later in Burdwan where the canal 
clearances were ncgk^ctcd on the canals which took 
off from the river, and there remained iKdliing but 
the filling up of the breaches made in the banks of 
the Damodar itself. As the uncleaned canals took 
less and less w^ater, more water remained in the 
Damodar and it became a menace to the country. The 
Damodar banks now assumed a fresh impoj-tajice. 
These banks nere kuowii as “ zemindari banks.” 
Tliey were breaclied by the peasantry when the fear 
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of an inundation had passed or a breach had occurred 
elsewhere; and in this way the old canals now called 
definitely “ dcod riYcvs ” were filled with w^ater and 
the country irrigated more or less perfectly. This 
may well he called “ Zemindari bank irrigation.” 

22. And now^ the final blow was struck which 
definitely killed ” overflow irrigation ” in Bengal. 
It was imagined by everybody that these ” Zemin- 
dari banks ’ ’ were only flood protective wnrks, and 
(bat Qiey were kept for that purpose. The 

” Zemindari bank irrigation,” which was prac- 
tised when the breaches or ‘ ‘ Kanwas ’ ’ were made 
aud the canals or “ kanas ” w^ere filled with water, 
was considered as non-existent. The ” overflow 
canals ’ ’ were called ‘ ‘ dead rivers ’ ’ in places and 
“ drainage lines ” in others, but the word ” irri- 
gation ” was never mentioned. Irrigation still 
went on, liowcvej', because the zemindars and 
tenants made secret breaches in the banks and irri- 
gated their lands when they could. These breaches 
were considered by the asiiboriries as breaches made 
by the uncontrolled floods of the rivers, and the 
G-overnment set itself to put an end to such discre- 
ditable occiirri/sgs. It never seems to have struck 
anybody that the breaches were made secretly by 
the peasjintrj for irrigation. And yet it ought to 
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have been evident that 40 or 50 hi-oncMio- in a heavi- 
ly embanked river of inconsfderable length in a 
single year could not possibly have been made by 
the river itself; for one or two breaches eased the 
situation. 

23 . Pages 164 to 166 of the H ooghhj C a ?: n iec. r 

are now very instructive reading. A committee in 
JSli' that the banks of the Damodar 

be removed and the river be allowed to flow freely 
down the “overflow canals,” which they called 
“ drainage channels ” and whose clearance they 
recommended. Nothing, however, was done, and 
as the canals were not cleared, the banks of the 
Damodar remained. The banks were frequently 
cut for irrigation, but reported as breached. The 
Gctzattccr tells us that 25 breaches took place in 
1847, 14 in 1849, 56 in 1860, 46 in 1862 and 28 in 
1854. The GovornnK'Mi took over the embankments 
in 1855 and made them watertiglit. No more 
wholesale breaches were allowed to take place. 

24. When the Government took over the 
work, it thoi'oughly strengtliened the left embank- 
ment behind which the E. I. Pnilv- r.y had streng- 
tiiened itself, and made a second bank. The Grand 
Trunk Eoad which was alw'ays breached in old times 
was much raised and made a third bank, and, 
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later, the Eden Canal made two more banks, or 5 
banks in all, like 5 Satanic chains binding the 
Earnodai.' and dooming the once healtliy and pros- 
perous tract between it and the Hooghly to malaria 
and comparative poverty. In 1859 the right em- 
banlnoeivi of the Damodar was removed for 20 
miles as the land, on the right bank lay at a high 
level, and in Aluy iSOd the Lieutenant-Governor re- 
corded that tlic fertility of the area su])ject to inunda- 
tion had been greatly improved. Lower down, the 
Damodar is 20 feet above the level of the country 
on the left bank; and, further down still, has breach- 
ed its I’ight bank and divided the Damodar into two 
streams. ’Wliilc the river freely overflows the 
j'ight bank in flood time, the left bank of the Damo- 
dar is in wiitei-tighi, embankments. 

25. Let us now see.w^hat happened to Burd- 
wan and Hooghly which were deprived of their 
overflow irrigntion. The D/.-;/ /•/>'■ Ginrllevr of Burd- 
wan (|)ng(: 41) “ Dr. French in his special 

Report on the outbreak of epidemic fever esti- 
mated the total juoj'talify at about one-third 
of the whole population between 1862 and 
1872.” Lt.-CoL Campbell states of Hooghly: — 
“It would appear that, before the fever 
broke out, the Hooghly district must have had 
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a population of something like 2,000,000 and that 
during the 20 years the fever lasted, the population 
fell by 50 per cent/’ These are the opinions of 
medical men. And here is the opinion of an engi- 
neer. In 1869 Mr. Adley of the Public Works De- 
partment sny^ that the belief current among the 
people is that the closing of the Kana Nuddee 
has been the cause of all the evil, and that if 
the Damodar could be let down a remedy would 
be provided. He hi}Ti.-cl!: considered that the 
closing of the Kana Nuddee had been the funda- 
mental cause of the dire calamity that had 
devastated those localities. On this point he 
thought there could not be’ a second opinion. He 
was certainly right there. 

26. I shall bring down the history of the tract 
from 1855. The head of the Kana Nuddee had been 
closed by a bank in 1853, but it breached the bank 
in 1856 and was left open till 1863, filling three 
old canals. In 1863 the Kana Nuddee head 
was finally closed. In 1875 the Jamalpur 
head regulator was built to again give water 
to, these canals, and connections were made 
with them; and in 1881 the little Eden 
Canal was opened. When I saw the tail reaches of 
rhe Edi'ii Canal in the spring of 1928 it had silted up 

4 
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into a watercourse only capable of discharging 
about one-seventh of its original supply, while the 
Jamalpur regulator was only run for 2 days in 1927 
as the head channel was full of silt and closed as 
soon as the Dainodar rose above a certain height. ’ 
Bengal irrigation h-.Mi iois-rliv'd Don-fiSi. 

27. After my visit to Central and Yv^estern 

Bengri! in lh(' winter of 1927-28 I lectured on ‘TIk' 
restoration of the ancient irrigation of Bengal ” in 
the British Indian Association Hall on the 6th of 
March, 1928. This lecture has been published in 
full, with a map. Of the critics who cririci.-cd the 
lecture at public meetings witJiout ill'ivvi::;,: the 
criticisms to be published, I can only say, jurla-ir:;' 
from verbal quotations, that I am glad for the sake 
of the critics ihernsclvcs that the criticisms were not 
published. I answered all published criticisms in 
the pages of lyulian Eiujincef'nuj between 30th -Tune, 
1928 and 31st 1929. To the criticism 

that I had not been long enough in Bengal to under- 
stand all that I saw in company with Government 
officials, I replied, in Sir Joshua Eeynhold’s words, 
that I had spent a lifetime in forming that opinion. 
And indeed I had. 

28. That the “ overflow irrigation ” of the 
ancient Bengal i f tiers is the only one adapted to 
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Bengal and to all countries similarly conditioned is 
amply borne out by what has happened in the last 
seventy years. The Irrigation Department has 
tried its hand at every kind of project it could ima- 
gine except “ overflow irrigation.” The rig 
poverty of soil, congestion of the rivers^ and mala- 
ria, have stalked the canals and banks, and the 
country is strewn to-day Avith the wrecks of useless 
and harmful works. This has been aggravated by 
the fact that such works should have been executed 
by engineers, agriculturists and public health autho- 
rines vrorking in accord, and there has been no at- 
tempt at working in accord, the accord which Lord 
Cromer insisted on in Egypt — “Overflow irrigation” 
with the muddy waters of the river floods is the only 
kind of irrigation on which engineers, ngricnlturis+s 
and public health can he in absolute ac- 

cord, for it enriches the soil, combats malaria and 
relieves the congestion of the rivers in flood. We 
may be quite sure that the ancient irrigators of 
Bengal did not hit upon it at once, but adopted it 
after trials and experiments lasting over many years. 
And we may rest assured, after seeing the results of 
seventy years of abandonment of it, that there is 
nothing before the counfry„ but to return to it. 

29. The “ overflow irrigation ” of Central 





28 


lERIGATIOK IN BENGAL 


and Western Bengal, wMcli at one time poured 
hoalii! and wealtli over an area of 7,000,000 to 
10,000,000 tides of land is represented in the last 
pohiished Eeport of the Bengal Irrigation Depart- 
ment, 'ok., that of 1927, by an area of under 
200,000 acres. 

30. I feel myself back in Egypt in 1883, 
under Lord Cromer’s gnirlence, we saved a 
vsituation not one whit less desperate than that be- 
fore us in Bengal to-day. Egyptian irrigntioii was 
uo( only bankrupt in ideas just as Bengal irrigation 
is to-day, but the Egyptian treasury was bankrupt. 
Lord Croinej‘’s magic formula saved Egypt imi irri- 
gation; it will save Bengal irrigation.... “ Wbat do 
the fellaheen Do what the fellaheen 

want, have them behind yon, and you will pull 
through.” What pulled > Egyptiiin irrigation 
through will pull Bengal irrigation through, for 
wLen you work with the poor you w^ork with God. 



II 

The Restoration of the Ancient Irriga- 
tion of Bengal, theoreticalJy 
considered 

31. In my first lecture I told you what the 
“ ovcillow ii-rlgi'.tioii ” of Bengal was, and of its 
substitute “ Zemindari bank irrigation.” I also 
gave you their history. Bengal, with its heavy 
monsoon ■■..iMf.ih between June and October is 
marked out for rice cultivation. Such cultivation 
is possible \vitt.ioiit flood irrigation from the rivers; 
but, unaided by flood i negation, it impoverishes the 
soil, and can produce malaria tliougli it cannot com- 
bat it. The rivers are in flood just when the rice is 
standing in rain water, and sometimes the floods are 
jiigb and sometimes low. If the floods are left en- 
tirely to tlieiTiselves, they devastate the country on 
occasions; and, on occasions, their "overflow” 
turbid waters bless the country, as they mingle with 
the ra i ii water in the fields and manure it and help 
to exterminate the malaria mosquito or to destroy 
its malignity. If you embank the rivers and pre- 
vent their overllovriiig ailogetbcr aud leiive no open- 
ings in the banks, you doom the country to malaria 
and impoverishment of soil; but that is not all the 
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Harm you do. By confining HigH floods to their 
river channelSj you congest the rivers to Irnrsthio 
point and expose the country to very serious inunda- 
tions and devastations. 

32. Hovs 7 to enrich the soil and combat mala- 
ria, and how to prevent the congestion of the rivers 
was the problem before the ancient Bengal rulers. 
In time they solved it and solved it thoroughly, as 
I have shown in paragraph 18 of my first lecture, 
where I have quoted Bernier, who was the only 
man who saw the system actually working and left 
on record what he saw. After his visit came the 
terrible times of the ^rfdii;aiia-AfghnD. wars on the 
break-up of the Ib-gisl Empire and the system was 
disorganized. Bead what happened to Egypt and 
Babylonia when their irrigation was disorganized, 
and you will see a similar story. Through long 
years of disorganization the population of Egypt fell 
from .12,000,000 to 2,000,000: to rise again to 
14,000,000. This regeneration of Egwpt was easy 
because Egyptian irrigation was flood irrigation. 
Babylonia has however a dificrent tale to tell. Its 
irrigation was perennial irrigation which enriched 
the country to such an extent that the Arab histo- 
rians tell us that, when the Arabs conquered the 
country, the cocks, in ciwiag, answered each other 
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in the morning all the way down the Tigris from 
Bagdad to Basra. But perennially ii-'igatcd land, 
when it has deteriorated, cannot be quickly restored, 
and Eal'ylonia is to-day, mainly a vast plain over 
which roam Arab shepherds, with scattered centres 
of cultivation and crops along the river banks. 
The gi'oves of 10,000,000 date palms around Basra 
are no gauge of the 12,000,000 acres of land in the 
delta. 

33. Bengal fortunately has been only irri- 
gated in flood time, and its regeneration will be 
easy once the right road is taken. Tlie principal 
difficulty in the way of its regencj-ation will be the 
mistakes in the last seventy years; but the regenera- 
tion will be easy. We know what to do. We have 
to do what the ancient Bengalis did. 

(1) We have to lead straight aumy from the 
rivers, down the nnlmvl transverse slope 
of the country, long canals capable of 
carrying enough river water to mingle 
with the rain water and enrich it and 
combat malaria. 

(2) We have to space these canals at the 
right distance apart from each other in 
order (1) to secure the healthy “ over- 
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flow iiT'gation ” of the whole country; 
(3) the Ailing of all the tank^; with river 
water, killing weeds, destroying mos- 
quitoes and providing iicaltby drinking 
water, and the feeding of, the subsoil 
wntei' supplies of the country. 

(B) We have to make our “ overflow canals 
or “ kanas ” broad and sliallow, so as to 
carry the muddy surface waters ol the 
rivers and lefn-e out the sandy bottom 
waters. 

(4) We are to be in a po-ilka} to take away 
from the rivers in our canals and outs 
enotigli of river water to prevent the 
rivers being congested and a source of 
danger to the country. 

The ancii'iits have left us all the works we need, 
and we have to enier inlo possession of them and 
make then once again fit for service. We have a 
goodly heritage, 

34. The main irrigation is done by the rain- 
fall. The monsoon never fails in Tl- It inay 

end too early but it never fails. And, remember 
this, if your idee fields have been irrigated by rain 
water alone, they are weak and cry for irrigation 
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in October with excessive and costly supplies of poor 
river water, for riVer water is poor in October when 
the monsoon has failed early. If however you have 
irrigated your rice fields with rain and river water 
mixed together in the early months of the monsoon 
when the river water is rich and full of mud, you so 
r.t.i'Ciigifieii the plants of rice that they resist the 
hard conditions of an early failure of the monsoon in 
a ^\■^|> rice irrigated by rain water alone has no 
knowledge of. Biver water in the early months 
of the floods is gold. It enriches the soil and com- 
bats malaria and makes you in great part indepen- 
dent of October water. The poor river water of 
October in a year of early monsoon failure pulls 
through a limited area of rice, docs not enrich the 
soil and does not combat malaria. It is not only 
not to be compared with the rich water of the early 
monsoon, but not with the river water in the Octo- 
ber of a year of ordinary monsoon rainfall, when 
irrigation is not needed. 

35. As this seems a good place for giving it, 

I give you a good instance of the value of en..rly flood 
water on the Nile. In 1902, the Assiout barrage 
on the Nile was regulated on for the first time, and 
the early low flood of that year was forced over 
550,000 acres of high-lying land. Immediately 
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the rents were raised 10 Enpees per acre, as these 
lands had never seen such muddy water before. 
They had, hitherto, only been irrigated by late flood 
water. During 1895, 1896 and 1897 I was Director 
General of Land Tax Adfastmmt in Egypt when we 
fixed the land tax of the country for a period of 30 
years. I found that in the basins irrigated with 
flood water, the rents \r('rc directly proportional to 
the quantity of the mud carried by the water as it 
traversed the basins. This law was like tiuit of the 
Medes and Persians “ which alterctli not.” 

36. The outstanding feature is that the canals 
are i-cal in i.-a-'ioo canals at their heads, cstrrying 
nothing but river water, and, in time, becoming- 
deltaic canals at their heads with the lands on their 
banks higher than that further away from the canals. 
These same canals at their tails are drains carrying- 
nothing but water which has flowed through the 
fields be it rain water or river water which has left 
its mud in the fields. These di-alns arc in places 
scoured out channels of considerable magnitude. 

37. This outstanding feature is the only key 
to ondorstand whole sections of the printed govern- 
ment records. It has been the cause of endless dis- 
putes and arg-uments between the Bengal engineers 
and betiveen them and the Government of India 
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engineers. An engineer, impressed by the canal 
in its upper reaches, described it as an ordinary 
deltaic river; while another, impressed by it in its 
lower reaches, called it a natural drainage cbannel. 
As a matter of fact it was neither. It was a 
“ Kana,” an arfincially oxcavalccl canal, taking its 
supply from a river through a “ Kanwa ” or cut 
made in the river bank. 

38. Similar disputes took place over the duty 
of the water in the canals. “ Overflow irrigation,” 
and its successor “Zemindari bank irrigation,’- have 
a duty for their river water which is peculiar to 
themselves. Some engineers trusted to their own 
observations, some trusted to what it ought to be 
theoretically, some referred to lihe Punjab and some 
to Madras. As I said in para. 6 of the first Lec- 
ture : — ” They had a supply of river water far in 
excess of actual requirements, but they needed this 
excess supply to insure the irrigation of every indi- 
vidual field.” The gTeater the quantity, of muddy 
water you can mix with the rain water, the better 
the results. The ancients by increasing the sup- 
plies of muddy water, steadily improved the lands 
as time went on, and also decreased the danger of 
an inundation. The supply for '' ovei^flow irriga- 
tion ’ ’ is the minimum for healthy rice irrigation 
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which is OEe cubic foot per second for 70 acres. 
Any extra water above this, as time goes on, is an 
improvement. A system, -wliici) i-u-s utvic as an ally, 
is a perfect system. Time is the nurse and breeder 
of all good. 

39. It was a pity indeed that none of the old 
Bengal Engineers were alive in the 19th century 
when the Government began to interest itself in 
irrigation. Judging from what happened in Baby- 
lonia just before the Arab conquest of the country 
in the 7th century of our era, there must have been 
many of them. A great breach occurred on the 
Tigris which flooded the whole country bc^s'eoiJ the 
Tigris and the Euphrates, and the Persian King, 
who theji ruled the country, had 400 engineers and 
subordinates executed. It was owing to the utter 
disorganization caused by the inundation that the 
Arabs so easily took Babylonia, but the country 
safl’ored mofe by the loss of all who understood the 
old methods of irrigation. I often wonder to my- 
self if tliere is anyone alive to-day who has recollec- 
tions of having talked with men who had seen the 
breaches made in the Zemindari banks and then 
repaired. I do not mean the lerrible breaches made 
by the floods, but the “ Kanwas ”• cut by men. 
Tlierc were 54 breaches made in a single year on the 
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Damodai’, though one or two would have sufficed in 
a heavily embanked place to turn a dangerous flood 
into an ordinary one. Between the 3rd and 8tb 
of March I propose to go over the canals in the 
Hooghly district and would value much any infor- 
mation supplied me on this head. 

40. To understand the reason vdiy the mis- 
takes of tlie last 70 years have made the task of 
reconstruction more difficult ihnti it was 70 years 
ago, it is imperative to glance at those mistakes and 
to draw lessons from them. And as Orissa was then 
a part of Bengal and the modern works of any mag- 
nitude were begun there, I shall include Orissa. 
The works in Orissa were begun by the East 
India Irrigation and Canal Co,” which was formed 
in 18)7. The Company made the original plans 
and the Government engineers passed them. 

41. The beds ot del hue rivers, as a rule, have 
a tendency to rise slowly and so raise the levels of 
the ground ovei'.fif)\rcd by their muddy waters. This 
goes on for many years and then some rivers parti- 
ally abandon their original main (‘Ijaunels lind scour 
out new ways for themselves down secondary 

nels or convenient depressions. ?vi;. tin's stage cf 
tljeir existence, weirs have to be constj-ucted at the 
heads of the low deepened channels in order to raise 
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the water surface and allow the rivers to flow in 
their original channels. The Ii!-\;o ( ,, Godaveri and 
Kistna deltas were in this condition. Sir Arthur 
Cotton built weirs on the low deepened channels, 
raised the water surface, and allowed the old rivers 
to operate again and feed the old Oiioia caiuiis which 
were there ready to be fed. He turned concerns 
which had ceased to be going concerns into going 
concerns. He did straightforward sound work 
which was a brilliant success. 

42. In Bengal and Orissa the conditions were 
just the opposite. The Orissa, Midnapore and 
Damodar rivers were concerns. The rivers 

overflowed their bank's and were provided every here 
and there with “ Zemindari embankments.” 
Through cuts or ” Kan was ” made in these em- 
bankments, the country was being irrigated, in a 
rough and ready way to be sure, but it was being- 
irrigated; and malaria and the congeslior* of rivers 
were being combated and the enriching of the soil 
and the of the tanks was in operation. .Here 
the works needed were : — 

(1) The clearing out of the ancient ‘ ‘overflow 
canals and the strengthening of their 
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banks or the making of new banks with 
the excavated material. 

(2) Provicling tlie “ oversow canals ” with 
regulating heads and sluices, and adding 
new sluices every year. 

(3) >:i iriigiheo'Mg the river banks, providing 
paved waterw'ays in the banks for the 
feeding of the smaller canals; allowing 
breaches to be made annually at approv- 
ed places in the banks when the fear of 
an inundation had passed; and allowing 
breaches to be made annually as a matter 
of course, at approved places in the 
banks where the country was liigh-lying 
and there was no danger at any time. 
As time went on, and the important 
canals had been provided for with 
masonry regulators, the secondary and 
tertiary canals would have been provided 
with suitable sluices. Such action 
w^ould by this time have pi-OYidcd the 
country with perfect ov(H'£Iow irriga- 
tion. 

43. Instead of this being done, an attempt 
\\as made to copy Madras, where rivers which had 



40 


lERTGATION IN BENGAL 


not been going concerns were made into going con- 
cerns. Tiic only way to do this was to first prevent 
the Bengal rivers from being going concerns and 
then make tljeni sham going concerns. And this is 
what was aciinilly done. The rivers were banked 
with solid banks in which cuts for iiTigaiioiF were 
not allowed to be made. TIksc* watertight embank- 
ments I have called “ Satanic chains,” and they 
are ” Satanic chains.” Tla canals wwe closed, 
and the river floods were prevented from irrigating 
the country with rich muddy water as they had done 
for centuries through these canals. New canals 
were dug, some of them running parallel with the 
rivers and blocking the way of overflow irrigation. 
Of these new canals, some were called ” irrigation 
canals,” some ” navigation canals,” some ” drink- 
ing water canais,”. and there is one under construc- 
tion called an ” October w^ater canal.” This per- 
petual cliaugc of iiiunc is a counsel of despair. It 
i- like Babik taking Balaam from bill to hill. People 
wTi’o allowed to irrigate from the new canals on con- 
dilioii that they paid for irrigation. Landowners 
who w^ere protected from inundation and provided 
with irrigation at the expense of other people, ac- 
cepted; but the mass of the people, who had been 
accustomed to infinitely better irrigation liree of 
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charge refused point-blank. The rivers bound by 
these Satanic chains have and are 

a menace to everybody; while poverty and malaria 
are the heritage of the country-side. 

44. The Government of Bihar and Orissa ap- 
pointed an expert cornmicrec' of engineers in 1928 to 
report on the floods in the Orissa delta. The Eeport 
of this Committee is quoted freely in “ The States- 
wan ” of the 27th November, 1928, and I quote 
from “ The Statesman ” : — 

(1) ‘ ‘ That the embankment system is at the 
bottom of their troubles, is, the Com- 
mittee has found, fully realized by the 
people of Orissa, and one of the most 
insistent dcmaocis made to the Commit- 
tee by tiie inhabitants of the semi-pro- 
tccted nod un-protected areas is for the 
complete abolition of the canal system 
and the throwing open of (.'he fully pro- 
tected irrigated area to the spill of the 
rivers.” 

(2) ‘ The whole system of embankments in 
these arens seems to have grown up 
without any reasoned plan underlying 
it.”- 
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'(3) “ The embankments have come into 
being solely in the interests of the parti- 
cular area to be protected with complete 
disregard of their effects upon other 
areas.” 

46. These criticisms apply as well to Bengal 
as they do to Orissa. But all the Bengal iiTigiilioii 
projects have had one other great enemy to contend 
against and il'al. is navigation. In irrigated deltas, 
navigation works well with irrigation on the follow- 
ing conditions : — (1) The canals are first and fore- 
most for irrigation. They are open to boats and 
steamers, if the widths and depths of water and times 
of supply of water in the canals are suitable to the 
boats and steamers. (2) Boats and steamers which 
cannot accommodate themselves to the depths and 
widths of the canals or the times of supply of ^vater 
in them are out of place on irrigation canals. 

I ;! concrete example. When we went to 
Egypt in 1883, the country possessed no roads and 
all transport was by boats on the irj-igafcion canals. 
Finding that we could not shut a canal or seriously 
reduce its supply in the interests of irrigation and 
drainage, we decided to make roads and free ti»e 
canals of the incubus of navigation. Tlie peasantry 
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were poor indeed then and the treasury was empty; 
but Sir Colin Scott Moncrien put the matter before 
the ]a,ndowners big and small and asked them to sub- 
mit to a cess and let the roads be constructed. To 
the astonishment of everybody, the landowners res- 
ponded, and we constructed the roads and freed our 
canals. To-day, roads and light railways serve the 
country; and boats and steamers of suitable size use 
the canals when the canals are running. 

46, In deltas like those of the Bengal rivers, 
where malaria is always an enemy to be counted 
with, irrigation canals which require to be kept full 
of water all the year round solely in the interests of 
navigation and which arrest surface and subsoil flow 
of water, and which interfere with or have to be 
reckoned with in all projects for inti;oduciDg over- 
flow irrigation with the muddy waters of river floods, 
are a public nuisance in a country provided with 
roads and railways; when however they are wide and 
deep and used only for ('^q)C(::!iliy m i.be 

vicinity of big cities, they are an unmitigated 
nuisance. The long coastal navigation canal west 
of the Hooghly, with all its costly locks and cross 
drainage works or lack of them, has become a wreck; 
and nothing in its life became it like the leaving it. 
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Tilo Comiiiitsioner of Orissa of the time prophesied 
this. He was a practical man. 

47. The long coastal canal and waterway, east 
of the Hooghly, threading its way through the 
Simderbans along the whole sea face of the Ganges 
delta is in difficulties. Its eastern section has always 
been a costly work, but its western section has 
i'cccntly deteriorated because the run of the tides 
was intcrfei'ecl with by the Diamond Harbour and 
other drainage works in which small ineffective 
sluices took the place of the great open gaps and 
other substantial breaches formerly made in flood 
time in the embankments. This eastern navigation 
line, athwart the whole length of Central Bengal, 
will be a thorn in the side of the restoration of the 
ancient irrigation of Bengal. A return to the old 
state of affairs when the flow of fresh water in and 
out of so many drainage basins was not I-iicrK i' •■1 
with would give the navigation its chance at the 
western end. As an irrigation Engineer however 
who sees an unbounded horizon to the future of 
Irrigation in Bengal and to the claims it will make 
on the public purse, I throw my lot in entirely with 
those who calculate that the existing railways, ex- 
tended if necessary, and the boats and steamers 
which, without aid and vvithouE any expense to the 
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S;.,:-:..;, ply on the natural superb waterways ol the 
country, are in a p-nsii^on to meet any present or 
future demands made for the transport of the stuff 
carried to -day by special steamers on a special water- 
way costly to maintain and liable to be infinitely 
more costly in the rLifiij-o. The days have passed 
when roads and did not exist. Public 

M(;ij(:y is needed, in the interests of the health and 
\\ej]“l)oj.a^- of millions of peasants, to provide these 
roads and railways with openings for the pns'^ago 
of drainage and irrigation water. These openings 
were forgotten in the past, and have a first claim 
on the public purse, for iIkw are a necessity. 

48. Before leaving the subject I give the opi- 
nions expressed by the Indian Irrigation Commission 
of 1902-03 on the subject of uavigatioD. in Bengal. 

(1) The j^Fidnapiir Ci-iuds are saddled with i\ 
heavy expenditiu:e for navigation which 
practically does not exist. 

(2) The Damodar river works were original- 
ly meant for navigation, but navigation 
has not come to them. 

(3) The Sone Canals have cost 1^1,500,000 
and irrigate 450,000 acres. The Capital 
cost of these canals includes a sum of 
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for navigation which practi- 
cally does not exist. 

In the selected evidence which accompanied the 
"Report we find : — 

(4) The Hon. Mr. H. H. Horn, Chief Engi- 
neer, Bengal, said that iiax igTitiori added 
25 per cent, to the cost of the Sone 
Canals. Navigation has been a failure. 

(6) Babn Jamini Mohan Dass, Deputy Col- 
lector, Ciih’aciv, said that the irrigation 
works have rendered a famine in 
Cuttack impossible. Navigation is not 
needed by the people. 

49. I have so far confined my remarks on the 
theoretical side of “ oveinow irrigation ” to the 
Western Bengal i^-r^cntioii canals, because it is 
there that all the irrigation projects of the last 70 
years have been carried out, and because we have 
there on a small scale all the questions we are con- 
fronted with in Central Bengal on a large scale. In 
Western Bengal we can easily grasp in a few para- 
graphs what it would take a volume to describe in 
Central Bengal. 
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50. Central Bengal, which we have now 
entered, is full of the most interesting irrigation and 
Eiver works to be carried out in the future in any 
country in the world. When we coinpa,re the works 
to be carried out on the Ganges front with those be- 
fore us on the sea front we feel the truth of the say- 
ing that ‘ ‘ it more stirs the blood to rouse a lion than 
to start a hare.” When I first came here I was so 
struck with every word I heard or saw WTitten about 
the Ganges, that I determined to see the 
Ganges after I had spent some days on the 
river where at one place I 
was told that I should not be able to see one bank 
from the other. And I can say with perfect truth, 
that when I afterwards saw the Ganges at the Har- 
dinge Bridge, I went up to it and stroked its mane. 
After wn Iking over the river protective works up- 
stream .of the bi'idge, I asked the Engineer in charge 
wliy they had provided against Noah’s floods, he 
told me that in the Bell bunds they had provided 
against a cyclone. The Eiver said Yes.” On 
this Ganges front, we have the training of the 
Ganges, and the securJu;:' of the head waters of the 
Hooghly, whetlicr they are principally on the Bhagi- 
rathi as they are to-day or on the Jelingi as they 
were wdien Eennel made his map. We have the 
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fixing and of the bead of the - 

bhanga, and its restoration as the great feeder canal 
of Cell ( "ill Bengal. And then we have the control- 
ling of the head of the Gorai River and its diminu- 
tion, and the nxing of the works there. These works 
are a.ll as giorions as they are beneficent, and they 
need to have put over tliem the ablest River Engineej- 
in India, It is tlie only way to do the works econo- 
mically. Leaving the to work its will as it 

has worked it these 70 years, with huge stern- 
wheelers going np and down it, will spell ruin to 
Central Bengal. I shall return to nil these subjects 
in my next lecture, in which we shall consider the 
practical side of our problems. 

61. In the way of restoration of the oli canals 
ilievc is only one \voih of any magnitude, comparable 
in any way with tliose on the Ganges, and that is the 
restoration of the great feeder canal of Central 
Bi'iigni, 1 lie "MniJinbliangn . In ordinary canals which 
from start to finish carry nothing but river wnlcr, 
work must start from the head downw^ards: but with 
the overflow irrigation of Bengal we have other con- 
ditions. Tiie irrigation is done principally by rain- 
fall, and the river water is used to mannre the rnin- 
fall and kill the mosquitoes or deprive them of tladr 
malignity. Such canals are real canals at their 
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heads carrying nothing but river water; while at 
their tails they are oi; * li'-.d-;. drains carrying little 
but rain water. This leads us to the solution. On such 
canals we must begin work from the tails upwards, 
because it is the tails which principnily carry the 
irrigation water. Such work will be rendered easy 
by the fact that the ? rirha’idi:;. in its head reaches 
traverses the very friable soil of the recent Granges 
delta in the north, while in its lower reaches it 
traverses the compact soil of the old Damodar delta 
111 the south. Once a good opening is made through 
the compact soil, it will be easy for the Ganges 
water, with the aid of the current, to scour out a 
clear through the friable soil of the north, 

just as the Gorai has done recently. Indeed there 
is more fear of its doing too much than too littie. 
To guard against this I propose two regulators for 
the Mathablianga, one near the begiirning of the 
hard clay soil and the oilier at the head of the Canal 
on its left bank, which from the first mention of the 
Mathabbanga o^'er a hundred years ago was always 
draining awuy the water of this canal eastwards into 
the Gorai, while the authorities w^anted it go west- 
wards into the Hooghly. By building these 
two regulators it will be possible to so re- 
gulate the supply of the Mathabbanga that 
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there will be no necessity for a Barrage on 
the Ganges until Bengal is rich enough to 
afford such luxuries. Indeed of every work I 
have proposed for Bengal it can be truly said that it 
can be started in a small way and be made to prove 
itself as it goes on. Here, even on this giant Mathn- 
bhanga canal, it will be imperative on the Engirieor- 
to dig a small canal to begin with, throwing the 
spoil banks well back. The two masonry works 
alone will be built to final size. The canal will be 
annually widened, and each year’s experience vill 
be available for the following year, 

52. The on the Ganges will be needed 

in the time to come, when, as I have said, Bengal 
will be rich enough to afford such luxuries. I now 
quote from paragraph 14 of my lecture of the 6tli 
March, 1928. “At this stage the ‘ overflow ’ 
canals will be beginning to show their value and it 
will be time to control the flood water of the Ganges 
and insure every year a full flood. This v. ib i -e done 
by an Egyptian barrage at a point about 14 miles 
below the Baral Head. Such a barrage could be 
built well within deep iron piles in one half of the 
width of the river protected from the highest floods 
and built in the dry and the river then turned over 
it. This barrage will have 180 openings of 25 feet 
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each, 162 piers of 10 feet and 17 abutment piers of 
20 roe; each. It will have a length of 6,460 feet 
between abutments, with a lock. The piers wiU 
be 45 feet high and carry a roadway. The regula- 
ting apparatus will consist of Stoney gates fitted 
with vertical hit-and-miss sliding panels so that the 
current of the Ganges will be broken up into very 
many vertical fillets, and as the water will issue as 
through a comb it will fall its 6 or 7 feet at the time 
of flood Avith little action on the floor. Over the 
floor doAvnstream of the barrage a flood of 1,500,000* 
cubic feet per second will pass with a depth of 
40 feet, and Aclocity of 8 feet per second which is 
the observed mean velocity of a Ganges flood at that 
depth. A flood of greater dimensions will be easily 
accommodated. The heading in flood at the piers 
will be about B inches. It will hold up in flood 
about 7 feet if necessary. The long weirs and 
barrages we have built in the past defeat their own 
ends, and, by forming islands, increase and not de- 
crease the current. The floor will be 150 feet wide 
and tire pitching upstream 100 feet wide and down- 


* By i.ui oversight this ngiiro was 2,000,000 in the 
printed copy of the lecture instead of 1,500,000 (180 x 25 
X 40 X 8) . 
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stream 200 feet wide. Such a work will cost 
12,000,000 with its training works complete.” 

53. In Central Bengal the most pressing work 
is the “ overflow irrigation ” of the poor sandy dis- 
til cts of Murshidabad, ^adia and northern Faridpur 
of which I spoke iii paragraphs 11 and 12 of my first 
lecture. “ Kans ” or ” Esparto ” as it is knowm 
in the w^estern Mediterranean countries, must be 
prevented from getting possession of these sandy 
tracts. Muddy river water is one of its chief ene- 
mies. In these sandy iracts the old ” overflow 
canals ” have been in many d up and 

levelled and iv-e':- traces have been destroyed; but 
there are still traces of old canals in many places and 
the best of these might be made a beginning with. 
In Egypt we have no difiiculty about the public 
domain; and as the permanent .settlement of Bengal 
was made with the owners of lands, tliere should be 
no difficulty here about the irrigation (•finals which 
must of necessity have been left out. Entil the 
value of the muddy waters of the rivers has been 
brought home to cAUiybody and all begin to clamour 
for it, the State m-ghi w-ell consider a sluice in a 
bank, be it small or big, as including the masonry 
or iron pipe and the channels leading to it and lead- 
ing away from it, 
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54. Where these sandy lands are high-lying 
and abandoned by their owners, and, to-flny. the 
property of the .•'•i.;; , , or wherever the banks can be 
protected and made secure on the upper Gorai, say 
wliej'c near the Railway bridge, powerful pumps 
might be put up and CiMiiruMs led off and experiments 
iiiiulc: in ii-rigation \vi ill the rich, fiuiddy waier- of the 
ca-rly floods followed by the less muddy waters of 
the ordinary floods. We have to add muddy water 
to the 50 or 60 inches of rainfall in the monsoon; 
and in these '^iiiuly I r.-ict.s we may succeed beyond our 
wildest imaginings. Similar experiments might be 
made on the Bhagirathi near Berhampur. 

55. There is another place, where a begin- 
ning might be made, with one or two power- 
ful' pumps, to irrigate with the early flood 
water of the Plooghly, and that is the tract north 
of Calcutta. A big city like Calcutta would dis- 
pose of every kind of superior garden produce, in the 
way Cairo does. In the selected evidence before 
the Tiidian Irrigation Commission of 1902-03, we 
hear Sir Edw-ard Buck, a great authority on Indian 
agricaflture, saying: — “ Tlic eaidier floods contain 
ill! the valuable waters, aud tliese should, as far as 
possible, be put on the land.” I have already given 
you our Egyptian expei'icnco of such water in. para- 
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gill])] I 35. Successful experiments made near 
Calcutta would be known to the whole of Bengal. 
Modern pumps are very effective, and lift twice as 
much water as old pumps and at half the cost. 
Working for Sir Ernest Casstd in Egvpi. we replaced 
4 powerful old pumps on the Nile by 4 pumps ab- 
solutely up-to-date. We spent .-£ 100,000 on the 
work and added ,£470,000 to the value of the Estate. 

56. If you want muddy water at its best, get 
it as early as you can from the river by pumps. You 
can then irrigate by free flow when the flood is estab- 
lished; and, after the flood, you can lift your clear 
water in winter and secure a winter crop. If there 
is summer water also available, you can use your 
pumps and have a third crop. Two crops of vege- 
tables, and a rich crop of leguminous fodders be- 
tween, are worth much near a big city. If there is 
only flood water available in tlie rivers, there are 
always tanks and wells to fall back upon in winter 
and summer. Once the flood waters of the rivers 
are again freely used, all the old tanks, which to-day 
are more or less discredited, will again tok'o a higli 
place in the economy of your agriculture. The 
Indian Irrigation Commission and much of the 
select evidence was strongly in favour of wells and 
tanks for October irrigation and double cropping. 
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With so much coal at your doors, wells worked by 
central electric stations might be found economical. 

57. I hear of many who have little confidence 
ill the power of the Government to enter into posses- 
sion of its old canals. This is where we were in 
F.gvp! in 1888 when the country had seen nothing 
but projects carried out in the teeth of the peasantry. 
In Egypt, Lord Cromer p)ut an end to such projects. 
His first question to us officials was : “ What do the 
fellaheen want ?” The business of us engineers was 
to prepare projects which would meet those j’pqiiin'- 
ments in a sound manner. He could ignore the 
Ijostility of Cairo Pashas and Beys and the powerful 
French press. He had the country behind him. 
Under these conditions, in whatever we wanted to do 
to meet the wishes of the fellaheen, we found the 
fellaheen landowners, big and small, with us as a 
body. It was they who suppressed selfish local in- 
terests which stood in the way of the common good. 

58. We shall have less difficulty here. We 
have no native aristocracy here, drawn, almost to a 
man, from Turkey and South Eastern Europe who 
despised the fellaheen, nor have we a foreign press 
interested in the failure of the government. We 
have, on the contrary, the whole community inter- 
ested in the uplift of the peasantry. But we have 
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much more than that. We have your enthusiastic 
co-operative societies working for the health and 
well-being of the peasantry by the efforts of the 
peasantry themselves. “ Coming events cast their 
shndovvs before.” and I take it as no ordinary good 
omen that you have started these societies just in 
time to undertake this gi’cal national work. Streng- 
then your stakes, lengthen }'0(ir cords, fill up your 
ranks, and get ready to meet any tasks which may 
lie before you. You have difriciil!i(*.>^ ahead of you, 
but work with a will and your rivers will never fail 
you. 



Ill 

The Restoration of the Ancient Irriga« 
tion of Bengal, practically 
considered 

59. I have been strongly remonstrated vith 
by a well-informed friend for what I said in my 
second lecture in the latter half of paragraph 47 
about the Sunderban route for steamers. He im- 
pressed on me the fact that except on the first reach 
at the western end, which has been thi-owji out of 
gear by the Diamond Harbour and other drainage 
works and ijcccnluated by the substitution of small 
i:u‘li'ecij \'0 sluices in place of the substantial 
breaches which used to be made in the embank- 
ments in flood time, the steamers are not bound to 
take any particular channel. The Sundiuhans have 
many passages, and the pilots of the steamers select 
the one they find most suitable for any particular 
time of the year. He says that very moderate sums 
spent on tlicse passages under the supervision of an 
expert engineer oP their own would insure a good 
route at all times of the year. He prophesied tliat 50 
years hence, the steamers vcouid be holding their 
own in the Sunderbans againsu tia'vir competitors as 
easily as they have done in the last 50 )-ear.s. It is 
his opinion that all that is needed at the western 
8 
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end is skill and poi scvoraricc ov a return to the old 
state of affairs when tlie flow of fresh water in and 
out of so many drainage basins was not interfered 
with. This will be returned to in the fourth lec- 
ture„ 

60. The practical point of the greatest im- 

portance in the restoration of the ancient irrigation 
of Bengal is the fact that every work proposed for 
execution can be started in a small way in a dozen 
different localities, and each work can be added to 
year by year until is reached, Tlie lessons 

learnt in one year will be .r viiikd-k- U'i- ’'hi - next year, 
and those learnt in one locality will be available for 
all other localities. The only exception to this 
rule is the proposed Ganges Barrage. Of (his work 
I have said that it will be eventually needed as a 
counsel of perfection, when Bengal has become rich 
like Egypt and can afford such luxuries. Its cost 
frightens the timid to-day just as the lecturer on 
the probable duration of the earth frightened tiie 

*d hearer who thought he had said 800 y('a.}‘H and 
not 800,000 years. But even for the Ganges bar- 
rage I have thought of .a cheap temporary substi- 
tute of which I shall speak later. 

61. I have spent the last week among the 
peasantry, and learnt much about the ancient irri- 
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j^ation of Bengal from old men who can rememberj 
as boys, the days when the overflow canals were 
broad streams full of river water, and from younger 
men who can remember, from hearsay, of how the 
outs were made in the zemindari banks. And from 
what I have learnt I understand exactly what the 
ancient overflow irrigation of Bengal was and how 
its natural successor was “ zemindari bank irriga- 
tion.” I have learnt from these men why the 
peasantry long for the old days when the rice fields 
and tanks and pools were full of the fish which Ber- 
nier said were in abundance. They crave for the 
fish which were the food of the poor in old days, but 
which the poor so seldom see to-day. I have learnt 
moreover from these same men one of the reasons 
wliy flood water, and especially early flood water, 
combats malaria. 

r3lA. I have .ilready said !■:•(!>■ ilian once that 
oAurflow irrigation combats malaria, enriches the 
soil and prevents congestion of the rivers which feed 
the canals. We shall begin with one of the reasons 
why it combats malaria. The floods in the rivers 
begin with the same monsoon rainfall which pre- 
pares the soil for the sowing or planting of rice. 
And as the rains advance, the dry and barren plains 
become damp at first, and then, over extensive sur- 
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flices, covered with water, and the mosquito larvio 
begin to be bred in millions. It is just then that 
the muddy waters of the rivers come down with mil- 
lious of eggs of the finest carp at first, later of in- 
ferior fish, and finally of shrimps. In the old days 
of “ ovcrfiow irrigation ” which Bernier saw in the 
;T(i century, the rivers had low banks, while all 
the canals taking water from the rivers, met the 
floods open, to the Hoods, without any banks across 
their heads, and the eggs floated down the canals, 
entering the subsidiary channels and the rice fields 
full of rain water and the tanks. They soon became 
yo'iing fish.. Tln.-i* yDong fish are real carnivores, 
and they at once fell on the larvae of the mosquitoes 
and lived on them. by the banks of the 

canals and the watercourses, the eggs went every- 
where, and soon all the canals, watcreoui'scs, fields 
and tanks became full of fish and wherever the mos- 
quito larvas were there were their enemies t].ic .fish. 
This was the “ overflow irygation ” of Bengal, 
which combated malaria, provided an abundant 
harvest of fish, enriched the soil and made conges- 
tion of the rivers impossible. And this is the task 
before us. 

62. When after the Mahratta- Afghan wars 
the country found itself with uncleaned canals 
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which could not carry the same supplies as tlicy had 
done in the past, the peasantry had to raise the 
hanks of the rivers and close the canals at their 
heads until the rice was advanced cnoiujli to take 
care of ilsi lf; and then all the banks across the 
heads of the canals were cut at the same time, and 
the fields of rice were inundated to a Mick---;,;'.' ■.’’.'■■j,.:.:! 
in ordinary fioods wdtlj rain and river water mingled 
togetlier and to a groat depth in high floods. \\ ■■i.r-:- 
the fields and tanks Avere full of young fisli and the 
destruction of the larvae of /noscjuiioe-i hv'giin. The 
peasants wdsoly said : — “ though no one Avoiild care 
to cut the river Bank across the head of a single 
canal, still when they had agreed to cut the river 
banks at thirty places simultaneously tliere was ncj 
great risk.” No villagers could have given such a 
sound engineering opinion unless they had heard 
their fathers talk^ of such things, or had themselves 
seen the banks being cut. It explains the 40 or 50 
breaches made in single in the Damodar river 
banks. 

62A. With irrigation from running canals and 
Avater-courses, all provided wiiii baj)k> of kinds, the 
fish eggs are distributed over the fields and sheltered 
and kept alive in the rice fields full of rain and riAnr 
water. If lioweA-er, you let the Avater go heiter- 
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skelter over a large area without canals and water- 
courses and banks of any kind, as is done on the 
west of the Dnmodni-, you have a wind-swept lake 
one day ; and, after a long break in the monsoon, a 
long stretch of dry rice-fjolds, witli every fish dead 
unless the fish have countless ponds and tanks to 
take refuge in as tliey have on the east of the Damo- 
dar. This gives an additional I'Oiison for the exist- 
ence of the tens of thousands of tanks and ponds in 
the once most prosperous parts of Central Bengal. 

63. To insure the eggs getting into the canals 
and tanks at the earliest date possible is one of the 
! ■ of the engineer. The best way to begin under 
the conditions in which we now find ourselves is to 
begin utilising what assets we have. Eemove the 
arches from all existing sluices at canal heads, and 
open the sluices to the sky up to the level of high 
water in the rivers, and regulate the openings wdfcb 
horizontal timbers so that surface water will always 
enter the canals. Little floating booms directing the 
eggs into the canals w^ould make the sluices more 
c (Tec live. Where there are no masonry sluices but 
where there arc channels to carry water througli tlic 
fields under river banks, the banks might be pierced 
= »y c.i- ferro-concrete sluices of convenient sizes, 
with moveable mouthpieces attached to them to 
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catch floating eggs. For the scores of existing little 
sluices in the banks to be of any use, they would 
have to be lowered considerably and provided with 
the same contrivances. Mechanical engineers would 
see their way to meet all these requirements. With 
a small expenditure of money and considerable ex- 
penditure of brains it would be po^-ibic to begin 
increasing appreciably the fish supply of the 
[;c:is}iirh'y Avliieh ihcw so long for and make a deter-' 
mined attack on the mosquitoes evcryw'here. This 
attack would gather head every year as the water 
increased steadily in quantity until we should again 
see poo]’ fever-stricken villages inhabited by a few 
anaemic peasants return to their former populous 
and w^ell -to-do condition wilb jik'uiy of fis]) to eat 
and among healtliy surroundings. 

64. In the present crippled condition of all 
the old overflow canals, the fish for stocking the 
tanks of those who to-day can afford to pay are ob- 
tained from fish eggs collected by fishermen at fixed 
places on the different livers. The best fish come 
from the Damodar, while the Ganges fish ai.’e con- 
sidered inferior. Tbe eggs are collected and kept in 
special vessels and sold all over Central and West- 
ern Bengal. The importance of an abundance of 
fish eggs will become great indeed once a determined 
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effort is to ngnio fill the -ioid:' and canals and 
tanks wii'h river water. I am not an expert at fisli 
cultiii’e, but it would be well wliile for those 

who are experts, to see if the cirslrig off of the 
waters of the Damodar and other rivers by sand 
banks in summer and the destruction of the best 
kinds of fish is harmful or not. And whether 
it is worth while to ensure by juimping the 
iiiuiii!-! examination of the cannibal fish in tanks 
which will destroy millions of the y '-'-'-J carp which 
we shall be iigeiu introdiiciiig. Fish Inddv i - at the 
barrage under construction on the Faniodiir may 
have been forgoih-u. If forgotleu they should be 
a, deled io the work. 

65. The question of malaria is so important - 
that I cannot leave it witliout giving some interest- 
ing fjUotatiouH from newspapers. I shall first give 
one from a recent I\Iadras paper which ({notes a 
letter from its T.-nrjorv correspondent, dated FeL'i'u- 
ary 14, 1980. “ Dr. Bruce Mayne, Malariologist, 

now tonring in India making a general survey, was 
here for the past few days. In an interview he said 
that his study of the irrigation system of this dis- 
trict would confirm the view that Taiijori' is an ex- 
ample of the beneficent effect of irrigation in stamp- 
ing out malaria. He observed that the only cases of 
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malaria he had come across occurred in dry parts. 
He left ihi- for Trichy yesterday.” 

66. I now giA'c some quotations from the De- 
cember 21, 1907, number of the Indian Min'or. 
” The East Indian Railway was constructed in 
1853-54 and opened in 1855. The line begins in 
Howrah and runs through the district of Tihgiili, 
after the Bally station, almost parallel with and 
close to the Hughli river. The river bank being 
higher, the natural drainage was to the fields behind 
or westward, returning immediately to the river 
1]ii-oii|i1i ‘ Klials,’ natural drains. WIkmi the rail- 
way line was constructed with an insufficient and 
inadequate number of waterways for the sake of eco- 
nomy, on the west of the towns and villages on the 
river bank, the natural drainage of the Province was 
interfered with and obstructed.” 

67. “ To protect the E. I. railroad from 
Burdwan onwards, a high embankment was cons- 
tructed on the east bank of the Damodar to stop the 
floods. The P. ,W. D. extended li-eir operations to 
other rivers like the Rupnarain, Selyc, Cossye and 
other rivers in Midnapore and Orissa. Wherever 
embankments were thrown up, tanks and artificial 
lakes were choked with weeds and the crops suffered 

9 
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from want of fori ill M’ng silt. Scarcity and famines 
have become more frequent and severe, and ague 
and fever are caused.” ” The districts of Burdwan 
and abound in numerous Inrgc artificial 

lakes nud tanks. They were replenished with fresh 
and pure water l)y the annual floods of the Damodar 
and supplied the people with good drinking water. 
The villages were full of healthy inhabitants and the 
people enjoyed good health and prospered. All this 
was changed when the Damodai* was embanked to 
stop the inundations. If our readers would take 
the trouble to visit the two districts and see the 
state of the tanks and lakes, they would find them 
contracted to half their former size, choked '■■i'l 
weeds and grass, and the water black and thick and 
marshy. The villages hn\{' a deserted look, and, 
owing to the heavy moidality, half or more of the 
houses are crumbling down and abandoned, and the 
surviving population look like g skeletons.” 

67. (a) “ As a medical student, the writer 
distinctly remembers, the E. B, Bail way was 
opened in 1861, and he can vouch for the fact that 
there was no ■l:'’i\; i-i the villages from Caicutta to 
(djagda. At the end of the rains there wnuld be a few 
cases of fever but no malaria, as seen in the last 80 
years and more. Calcutta folk;, used to go to 
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Khurda, Barrackpore, Nawabgunge, Halisaliar, etc., 
for a criroigr: of air and ])ejicfitGd by it. Tlic malarious 
fever broke out in 1861, one year after the construc- 
tion of the rr.ilvray in 1860, obstructing the natural 
rlraiuagc of the counli-y eastward ou account of in- 
adequate and insufficient waterways in the Railway 
embankment. T « Government had to open charit- 
able dispensaries.” 

68. We now come to the task of enriching 
the fields with the fertilising silt of the rivers, feed- 
ing the spi ings of the country and pushing home the 
attack on the mosquitoes by Pilling all the fields with 
water. The provision of sufficient river water to 
mingle with the rain water and enrich it and com- 
plete the work of niii-ig fields and tanks with fish 
is a much more costly undertaking than the begin- 
ning of- the provision of fish to combat malaria. Un- 
fortunately the Irrigation Uopariinerit has shut its 
ears and eyes to the prevention of the wholesaie theft 
of the public domain along the countless overflow 
canals of Bengal vbich it calls “blind” and “dead” 
rivers, though they are the only seeing and living 
irrigation works in the whole of Bengal. I come 
from Egypt, where, under Lord Cromer’s adminis- 
tration, we turned all the blind and dead waterways 
of the country inio living sh-eams full of vision and 



68 


JEEIGATION IN BENGAL 


vitality, and I know the value of acting promptly 
when you have to do anything with the public do- 
main, for posaefision in time becomes nine points of 
the law. In my lecture of the 6th Marclj, 1928, I 
said in paragraph 11 : — “ (-lean all the old canals 
and make them woika.blo. Water ran in the past in 
them and water will run again. Put on 30 engi- 
neers on the old canals to put the 

bo!i! '.l-,i-y r-i-. their limits and oiiic-r into pos- 

session of them and clear out all patent obstructions 
to begin with.” If that had been acted on, the 
pay of the engineers would have been saved again 
and again in the valuable land which would not 
have been lost to the State. But so inured are the 
engineer’s of Bengal to failure, that they have lost 
vision and cannot imagine any irrigation work being 
such a success that it will be continued generfition 
after gciieraiioi! iu owr and the same direction, and 
eventually make Bengal the healthy and wealthy 
land it once was. They took no action whatever, 
and the valuable^ state domain is a prey to any one 
who cares to appropriate it. 

69. T.Ik? I'ei’ti Using of the fields vvith the rich 
muddy deposit of the river floods, filli'ig the rice 
fields with fish, and the more concentrated attack on 
malaria will be done through the overflow canals. 
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These will have to be made serviceable once more, 
by having the channels cleared to full and 

depth, and banks made with the earth taken out of 
the beds. TJii.' will not however be done at once; 
a channel 20' wide at bottom and 3' deep, say, 
will first be cleared down the middle of an old canal 
and the spoil thrown well back to allow of a 50, 60, 
80 or 100 feet wide canal being finally rnafJe. This 
canal will be put in communication hh the river 
by a 1;; feet wide culvert made in the bank to one 
side of lljc riiUD'c head work. Tbih culvert might 
even be a cut in the bank protected temporarily from 
scour in many ways. For it must not l)e forgotten 
that i-C! iv'iiijK.'-: "v j'iii made of overbanit kilns 
the bricks in which have been allo'U'ed to run to- 
gether, or made of concrete blocks of 8 sand and 1 
cement, will be afterwards available for the final 
main head work. In sandy ground such as we have 
in Murshidabad and Xadia and in much ground 
elsewhere, where the head of water is not serious, 
if the bed and sides of the cut are overlaid by a subs- 
tantial jute blanket and coveivd we 

have a structure which will hold its own against 
scour. Ordinarily a single line of sheet piling 
driven down to the shape of the opening ajid conti- 
nued back on both sides, with pitching upstream 
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and downstream of the opening will suffice. It is 
also a well establislied fact that obstructions in 
waterways, made of pitching, fine on the upstream 
side, of mixed sizes in the middle and coarse on the 
downstream side, if overlaid by a single foot of mas- 
onry turned over the two sides will hold their owm 
against very severe scour. After a couple of years 
of experiment, it will be easy to establish some form 
of cheap serviceable temporary works which will 
hold their own for 50 years if necessary. With sand, 
coal, cement and iron we have an asset the old world 
eiigineej’s had no knowledge of, and it is for this 
that the only modern irrigation word in Bha- 
galpore is “ sulus ” or sluice. Know^ing the word 
and what it means let us proceed to make practical 
use of i!: — Bengal iniglil: show the world the way to 
do this, for its needs of such devices surpass those 
of any country in the world. 

70. In digrgiug down the centre lines of old 
canals such as we have between the Hooghly and the 
Damodar, let no mistakes be made of leaving the 
dirty, grubby, malaria infected crooked channels 
and tr-llug short cuts, as I have seen in one place. 
No malaria can be combated on these terms. Let 
the cleaned channels go down the middle lines of 
the once magnificent waterways and let them be put 



: if I - I 1' CONSIDERED 


71 


\ ! i(A : .:\v ' 

in communication wi fcii every filthy pool and tank on 
either side which are there io-d;iy, and give the poor 
people a chance of escaping malaria and having good 
fish to eat. Tlie} all look as if they needed both. 
Such mistakes could uovei- be made if the Public 
Tli'fili'ii. Irrigation and Agricultural officials had to 
work in aecord with each other. 

71. We shall soon be speaking of Representa- 

tive Boards but I may say here that if at any jr 
of the river, o-mecinlly when danger has passed, 
the Boards ain prepared to act, they should on their 
own cut the banks at the heads of canals 

and at other suitable places, as was done by the 
leaders of the people in the old zemindari bank irri- 
gation days. This would indeed put heart into the 
peasanti-}' who to-day are depressed to the very 
ground. 

72. Once these old canals are running again, 
we shnll find that the boatmen will cover them vltli 
their little boats as of old and supply for some 
months cheap and easy communications. The boats 
will be made to suit the canals and not the canals the 
boats. The want of navigation of this kind or of 
any kind is keenly felt by the villagers west of the 
Damodar, ’\vhose lands are to-day a huge lake from 
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end to end. These tracts will have such communi- 
cation when the '‘v! canals with banks will be 
made from north to south. 

73. No bank of a river should ever be re- 
moved continuously along a coii^iderabli.: length as 
has been done on the right bank of the Damodar. 
The bank should be breached in {lie jibici's where it 
is good for future canals to be, and the beginnings of 
these canals sliould bo dug as has been shown in 
paragraph 6*B, and the canals iiicjcaHed in size 
after All other places Avould be left alone and 

have breaches made in iluan only on the special 
occasions when they were needed. In this way 
banks would be gradually formed which would even- 
' 'll' rise above the level of the water, for the new- 
ly formed mounds of freshly thrown up earth would 
be covered u iih sciiib, brushwood and young trees 
wliicji would screen the water of its coarser particles 
and deposit them on the mounds on which tlicy were 
If you remove the banks of rivers alto- 
geib(M'. gi'i'al part of the water goes down hollows 
and depressions where you do not want it to go, and 
it does not go on tlie high-lying lands wliore it nuglit 
to go. But this is only the beginning of troubles. 
By liaving miles of bank removed to the same level, 
you make the toj) film of water of the river wdiich 
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has little coarse sand in it flow out of the river in 
such enormous that the river cannot 

possibly carry on all the coarse silt and it drops it 
on its bed and gradually raises the bed and produces 
a state of affairs which 0:0c cannot contorripiiito with- 
out gTeat anxiety. 

74. Such wholesale removal of the top film of 
water on miles and miles of length is very different 
to the removal of the upper water of a river by 
canals. The canals, say, are 200 feet in width and 
6 feet deep. They are 5 miles apart. The bank on 
the whole of the 5 miles between ihe two canals is 
intact and prevents the .=‘nrffice film of water from 
escaping ; while the canal takes water away down to 
a depth of 6 feet and not only the top film . Such re- 
moval of water charged with lighter deposit than 
the mean deposit of the river has an infinitely 
smaller effect on the river than the other. The ex- 
perience gained on hundreds of canals the world over 
has taught engineers that the effect is negligible. 
You have the light kind of water in your canal and 
the riYcr adjusts itself to the slight change by chang- 
ing its method of disturbing its bed and by modify- 
ing the shape of its section. Such action it cannot 
take when the cluinge is too great. It is like pulling 
10 
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a rope ; up to a certain point it can change its sec- 
tion, beyond that it will be broken. 

75. In my lecture on the 6th February, 1928, 
I said in jiiURgriSjjhs 28 .-liul 20 - “ In Vvesterii Ben- 
gal I propose acting on Shakespeare’s advice that 
‘ there is some soul of goodness in things evil, 
would men observingly distill it out.’ The Bamo- 
dar banks are veritable Satanic chains, but as 
‘ what cannot be eschewed must be embraced,’ we 
shall make use of them. The different canals which 
originally led off from the left baDl of the Damodar 
towards the Fooghly are called rivers. They are 
canals. These must first be restored and have all 
obstructions removed and be cleared and provided 
with light banks made of earth taken out of the 
canals. Never again shall there be the iratp.r-tighf- 
Goiiipartments called banks. The initial putting into 
Marking order will be the work of the Si.au;. The 
working of the canals will be lefi to the district 
boards. At suitable places ea.^t of Burdw^'an, 10 feet 
wid(' cheap regulators will be bi:i!- by rhi- 8i;Ue and 
connected by canals with die existing canals or along 
traces of them. They will cut across banks and 
roads and through the E. I. Eailway openings,” 
These statements of mine are thus ci’iticised by the 
Hon’ble Member in charge of Irrigation at the 
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Legislative Council Meeting of the 11th August, 
1928 

‘ ‘ It could not now be seriously suggested that 
they should cut down the Damodar left embankment 
and let loose the flood on an unprepared tract of 
country.” ” Sir William talked of the claims to 
flood and ‘ October water ’ of the people on the left 
bank of the Damodar from near Burdwan south- 
wards. The last thing they wanted was to be ex- 
posed to the Damodar floods.” 

Tliis is not a criticism, it is a travesty. I cer- 
tainly said that the people on the left bank of the 
Damodar should be given flood water, but I never 
said that they should have it in one gulp. And the 
extraordinary thing about it all is, that the cutting 
down of the banks is the very treatment the Orissa 
Commission of 1928 recommended for considerable 
lengths of bank in Orissa ; and the people there are 
protesting against it very strongly. 

76. We now come to the training of the 
Granges, which is an absolutely essential work, if 
we are ever to have our Mathabhanga Canal supply 
for Central Bengal. A canal which may be dis- 
charging 200,000 cubic feet per second in one year 
and 500 in another cannot be irrigated from. We 
say in Egypt, ‘‘ docs a flsh begin to go bad at its 
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iiead or its liiii ■? ' The M;.; lias bad at 

its head. When I saw its Iicad io robru;,! ly, 1928j the 
river was in an ideal position for fixing, with very 
hard clay on the left bank and good clay on the right 
bank and a clean and boanliJul channel for the Ma- 
thabhaiiga canal which had just dischai'ged 187,00(1 
cubic feet per second in the flood. I saw it when it 
was dry and paced its bed and noticed its depth in 
flood, and regretted that an effort was not made to 
fix such a favourable state of affairs for ever. The 
protective works needed would have been easy to 
execute and economical as there was good clay on 
both banks. Once the Ganges was fixed at the Ma- 
li labaiiga head, a rrdiuuug could at once be made 
with the canals in Jessore and Khulna districts. 

77. On the subject of river training and pro- 
tective works on the Ganges I had proposed the fol- 
lowing amplification of what I had said in my lec- 
ture, in the June 30, .1.928 number of Indian Enyl- 
neoring. 

“ Training and -.i-.i y i-ic •■;,!...= ■ 

with its long and broad sw^eeps will be anything Imt 
costly. The Hardiiige bridge protective works 
were designed against a cyclone. Speaking of the 
river generally, away from towns and bridges, I con- 
sider all stone strewn along banks as thrown away 
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unless it is thoroughly renewed after each Hood tor 
five or six years at the least. And then it is not very 
effective. What is VJ^anted is a series of massive 
immovable single spurs of stone of every size of 
rock, big and small mixed together. They should be 
put up at well chosen sites, and cost w o-'W ■■) 
and J;8,000 a piece, or 4^6,000 on an average. All 
to ,be stone below winter water level ; and, in great 
part, brick kilns over-burnt in situ, above winter 
water level. There are places on the Granges where 
a single spur of this kind wall keep the ciirrenfc away 
from the bank for 3 or 4 miles. A few very big 
spurs will be more economical than many cheap 
ones. Pitching slopes is absolute waste of money 
(except in front of towns where such -work must be 
done, however it may need to be in order 

to be permanent. Towns can aff'oi'd luxuries w^hich 
fields cannot). Massive single spurs, well tied back, 
at an angle or 45° to the current and thoroughly re- 
newed for 3 or 4 years will be a permanent land- 
mark on the river. Por training works no trees 
surpass acacias, and there is no lack of them on the 
Ganges.'' 

78. At the Legislative Council meeting of the 
11th August, 1928, the Hon 'hie Member in charge 
of Irrigation criticised my proposals, and I replied 
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in the Septeniber 22nd, 1928 number of Indian En~ 

O'liiCCi'iiifJ. 

“ The Minister calls the fj-iiiuiiig of the Ganges 
as ‘ one of the most complicated pi-oblenis of river 
training in the world.’ The whole iengLh of the 
■ ii! Bengal is 200 miles. It is scarcely ever 
above the level of the country, and then only j" -! 
over, with ordinary banks here and there. The 
]\iissis^ippi is for 1,000 miles well above the level of 
the country with massive <■!:»’,!;: id/. : n-- 1 i ^ The 

Ganges traverses an old established country with 
fixed floods, while the iMis.sissippi traverses a new 
country under settlement with its floods ever on the 
increase. (The well trained and protected banks of 
the Mississippi prevent the bed of the river from be- 
coming wider, and so the water surface is ever rising 
higher and higher. The problem on the Mississippi 
is the opposite of that on the Ganges. The Ganges 
could be trained and protected like the Mississippi 
^\■it■lluut any fear of the water surface rising.) You 
run no risks on the Ganges and can he as hold as you 
like. Tl'c Mini..-^!,or says that the Ganges scours in 
places 120 feet. No one would put in a spur where 


The . within brackets here and in piu-a. v7 are 

for the sake of non-professionals. 
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the river was 120 feet deep. He wnnicl put it some 
way upstream, and the deep hole would he silted up 
by the river itself ; while as the spur settled gradual- 
ly in the bed of the river, it would be added to at the 
top by ‘ sausages ’ of ru.-rjumfilli bricks or stone 
until it took its final position and there it would stay 
till the day of doom. I said that a few kilns of 
bricks burnt solid at the site of each spur with stone, 
costing from ^4,000 to ;£8,000 per spur, would suf- 
fice, and I think it would. The Department has 
never made a single experiment these 60 years, and 
is in no position to criticise me.” What I propose 
for the training and protective works needed on the 
Hanges will be given in my fourth lednre. 

79. In pa I’a graph 52 of my second lecture I 
spoke of the propo.scd Gauges Barrage. For this 
barrage I recommended a length of 6,460 feet with a 
waterway area of ISO by 25 by 40 for a discharge of 
.1,500,000 feet per second. Tlii- i.s, I calculate, 
the normal maximum discharge witli a normal maxi- 
mum velocity of 8 feet per second. If the Ganges 
comes in spate and the Brahmaputra happens to be 
low, there may be a dischaige fcaken, giving abnor- 
mal results ; but such discharges do not a ffect the 
needed width of tlie work. They accommodate 
ii'.emsci\c=- by ha\iug a velocity of approach above 
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the average. I allowed a play of 5 feet and made 
the piers 45 feet high. If one is nervons, let him 
give a play of 10 feet and make the piers 50 feet 
high, but let him not touch the width. This extra 
:-: ! „hi adds ;.i; nothing to the cost. The 

width is ample. The old long barrages defeated 
their own ends. 

80. As the maintaining of a good 'Jipvply of 
river water in winter and summer would 
mean so much to the Hooghly and would 
permit of very valuable crops on its banks, 
especially near Calcutta; and as the expen- 
sive barrage will not be needed for years 
yet, T propose the construction of an Indian weir or 
anicut on the G-anges. This work could be cons- 
tructed at any point determined upon as the final 
head of the TTooghly on the Ganges, and so trained, 
and protected (hat the river would be fixed there for 
ever. Indeed once the TTooghly head has been fixed 
at some point on the Gauge-, and the Ganges trained 
and :.=■ > ii ^ hi i lo g ■; ■;!> a row 

of big pumps G- water inio iljc TTooghly 

as Nile water was lifted in Behera till 1895. Tt 
!i i,.hl I'v found, and I tliink it v.-ouid be found, that 
water pumped up some seven feet in suificiciit quan- 
tities was cheaper than that raised by a weir, de- 
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bited with interest charges and maintenance. It 
would certainly be much more elastic and preferable 
in ■ . ■=: way-. I am sure that pumps have a great 
future before them in Bengal. Mr. Finlow, Direc- 
tor of Agricnlturo, has just written and told me that 
he is pleased indeed with the little experience he has 
had of pumping. 

81. As I have just spent six days on the Da- 
modar river and its canals and among the peasantry 
who are the principal victims of the mistakes of the 
last seventy I cannot keep silent about the 

wrong inflicted on the 250 villages and hamlets 
swamped anrmally with flood water on the i'iglit 
bank of the Damodar, on the inhabitants of 800,000 
acres of land on the left bank of the Damodar de- 
prived annually of their rights to Damodar water 
which they had enjoyed for hundreds and may be 
thousands of years, and about tlio very critical con- 
dition of the Eiver Damodar itself. All these have 
the very first claims to th(^. public purse if there is 
any money available for irrigation and I'ivci’ work. 
And yet, when money is available, they are all left 
to themselves, and the money is spent on lands 
which have been in no way injr.red (vr liiii-i. jiod which 
am outside the delta of the Dnmf)(i;:ir aliogeihe!' and 
which ha,ve no claims whatever on the water of the 

11 
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Damodar river. Not only is this so, but the very 
water wlucli is being given to these privileged lands 
is the water to the whole of which these afflicted 
lands have an absolute claim, 

82. Knowing as I do, from my experience in 

Egypt, of the great responsibility one shoLilders 
when one sets himself to repair past errors, especial- 
ly errors as colossal as those on the Damodar, I can 
only attribute the gross iiijustice of the Damodar 
Canal and weir under con-lriictioii, to the extra- 
ordinary which the Irrigation Department 

has shown these 40 years in undoing the evil done 
on the Damodar, an evil every cngim'cr longs to see 
removed, ^i’he lueii who are going to undo the' evil, 
will take their reputations in their hands, and mny 
3-od be with them when they enter upon their 
tasks. 

83. We now conic to the question of t he main- 
tenance of the canals once (hey licgin to o})ei*ate and 
to ronll}' irrigate the country. All irrigation 

and especially those 'which carry flood water, need 
to have their beds clcaiied annually and (heir lianks 
repaired with the stuff removed froni their beds. The. 
old canals which are to-day called “ dead rivers” 
or considered “ blind rivers ” 'unre once living 
streams of rich flood water. When they were, nog- 
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lected and their clearance not insisted upon by the 
ignoi’ancc of the authorities, they became blind and 
dead. The servitude of building up the banks with 
the silt taken out of the rivers was known as ‘ ‘ pul- 
bandi ” in the old days when the canals met the 
hoods all open to the hood, and the river banks were 
small unpretentious works. When the canals began 
to be neglected and became unequal to the task of 
meeting the hoods with their heads open, they had 
to be closed A\ itb earthen banks as we have explained 
in 61 and 62, and the river banks be- 

came important public works. The term “ pul- 
bandi ’ ’ was now applied to repairing the banks and 
closing ibe b---. .hd.-c-. The service known as “ pul- 
bandi ” in Bengal was known as ‘ ‘ sukhra ” or 
“ corvie ” in Egypt. It was obligatory on all the 
population, as doubtless it was in Bengal. It 
was in existence in Egypt when we went there in 
1883, bul; 1)('giiining with 1885 we allowed the vil- 
lage population to redeem itself by paying a cess, 
and by 1889 the eonde for canal and drain clearance 
and bank repairs Ava.- abolisliecl in Egypt. After 
having seen both personal service or a cess, I can 
say, V. I ::i!^ he-iia-hai, ihai cess is a hundred 
times as fair as personal service, and much more 
effective and more economical. 
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84. W lie 11 the time comes here, the engineers 
will, as soon as the flood is over, measure up the 
work to be done and estimate its cost. The Repre- 
sentative Boards will then meet, -h :■■ ■ each item 
of the bill and have the power to change or niodif)'. 
The members will finally sign the dt)ci.!jne!d which 
contains all the items passed by them, and the en- 
ginocis will be responsible that the w^ork is done as 
approved. The cess will then be fixed. It will be 
a “ piilbandi ” cess which cannot be di\iM-ic(] to any 
other object, not even to education. 

.85. ^Vhen the .flood comes in Egypt, the whole 
vilk'igv populiilioii is under ulti'gatioii to guard the 
banks and be i-eady to cut banks or repair them. 
Every \i]]:ige oj- hamlet, according to its size, is 
under obiigaLion to send a fixed number of men to 
giiiij-d liic i)!iiik^. The village headmen turn up with 
their contingents and take clia.rge of the banks and 
are responsible for iriem, working under the orders 
of the engineers and civil officials. They cannot 
leave k '’-: ^ 4 - i-. i fro.!?!. ‘I.C 

engineers. Here in Bengal, if the people desire it, 
Representative Boards wdll fix the wffien 

breaches, protected as explained in paragrapli 69, 
may be made in the banks as was done in Zemindari 
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bank days ; and flood v. aioi' ill be let into the canals 
until such time as the canals are dug to full and 
the built lilu-v i-o. to full size. This res- 

ponsible work will be diflicLilt at first because the ex- 
perience in the past has been lost ; but it is 

wonderful how soon experience is gained if Lliorc is 
good will and determination to succeed. Your res- 
j)onsihi]iiv will not he greater tiinn ours was in 
Y. ! ' "1:. ' we sent home the iiundi’ods oi {hbiisands 
of the corvie who had done the canal clearances for 
6,000 years, and we took on ourselves the responsi- 
I'iiii'. of doing the work by contract. The whole 
cotton crop of Egypt was at stake, and everybody 
predicted failure. I remember well how in July, 
. 1 8B5, 1 was in such a state of nervousness I could not 
sign my name on my pay sheet. It was the same 
when I shut the old condemned hariTigo on the Nile, 
and all the old pessimists came down in steamers 
from (liiiro to see it topple over, and my chief, Sir 
Colin Scoh, iMoncriclT also came down and patted me 
on the back and said that if we succeeded, I’d get the 
ciudit foL* it, while if we failed, he ■ 'Cil-l i -k.' nil ihe 
blame. You Bengalis are a clever people and will 
soon learn, and you will have the help of the well 
organized Moieorologicnl ]Ie])i!rimei3L-. Your power 
of co-operating vill stand you also in good stead. 
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86. The anniial measurement of irrigated 

fields and pa 3 'mcnt for individual ii'vigatioii is the 
mildew which blasts irrigation In Bengal to-day. It 
blasted it in the early days of the modern irrigation 
canals when officials went about every year in the 
rice fields dociding which field received only flood 
water, which half flood and half rain, and which re- 
rs i rain water ! When I worked for eleven 

years as '■■.•i.iilic-! officer in the United Provinces, 
I used to find it lu?ju-ibi-e(ikiiig to see all the poorer 
agriculturists putting off and putting off the evil day 
(to them) of irrigation until frosts had injured their 
winter crops, or the time of sowing had almost 
pas.sed for their monsoon crops on the occasions 
when the rain came late and \ When I came 
to Egypt the very first thing that struck me was the 
way in which the fellaheen looked upon water as 
their best friend, they took it on the first day they 
wanted it, and secured humimr harvests in even- 
year, a thing I never saw on irrigated land in the 
United Provinces. 

87. In the perennially irilgated tracts of 
Egypt, which are like the Punjab, as well as in iJie 
flood-irrigated parts, which are like Bengal, :h.- iG-d 
is taxed in blocks, and ihe land and irrigation taxes 
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are clubbed too’ctbcr. The land tax and the irriga- 
tion tax is applied to the whole area of each block of 
land. All the blocks suffer together individually 
from -MiM.rnnoo, or benefit together from suit- 
able irrigation and suitable rise of spring level, 
allowing easy well irrigation. One single tax is as 
fair in an irrigated arid region as a single tax is 
fair in a region blessed with plentiful rainfall. The 
first two pni’n graphs of page 800 of the 3rd edition 
of “ Egyptian Irrigation ” give a resume of the 
land tax system of Egypt which works so well. It 
allows every land-owner to look on land and irriga- 
tion as one, and encourages him to irrigate his 
fields when they need water ; it does not encourage 
him to put off ii-'v. to the last moment and 
often lose no small part of his harvest. It also in- 
sures quietness and happiness at home instead of 
uncertainty and disquietude. This mental factor is 
worth considering in the taxation of irrigaii'd lauds. 
Irrigation means insurance drougld: and ihe 

viagarios of rainfall, and a fixed combined land and 
irrigation tax, to be paid year in and year out, in- 
sures against the worries of watching winds and 
clouds and seeing if one cannot evade part of the 
tax ; while all the time, crops are losing value. It 
protects a man against himself. 
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I have so far spoken only of the ■■■.;/■■ ^ and 

engineering side of the question, -but when we con- 
sider the side of puUic haiV.h, we can see that a 
fixed cess or a combined land and irrigation tax is 
the only form of taxation which will touch the ques- 
tion of public health. To get rid of malaria you 
must encourage to the utmost the iiTigation of whole 
bloc-lev. of land. Scattered field iarigiilioii will be of 
no use whatever. See [)aragra})h 6 of my first lecture. 

88. Now what do we see to-day on the G-ov- 
ernment canals, or drains, or many miles in length 
of any old canal they touch, even if tlx'v only pour a 
dribble into it for a couple of flny« per annum? We 
see the peasaiiiry doing their best in all ordinary 
years to avoid the canal watcj- and the water which 
is called canal water but which is not. We see them 
plagued with malaria and •'.\iLlioui any fish to 
strengthen them. We see them in the middle of 
dull surroundings, witli nothing to take them out of 
themselves. Introduce the wholesale overflow ii’ri- 
-which they had until 70 years ago, and you 
will have a physical, mental and spiritual resurrec- 
tion. You will have the co-operation of all for the 
Ixmefit of all, and this will at once add intcj’cst to 
their lives. Tlioy will wake up and find life inter- 
esting. They will find their old enemy malaria 
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loosening its hold on them. They will have abun- 
dance of fish to eat, and they will see prosperous 
days before them and before their neighbours. In 
this prosperity and well being the Government will 
have its full share ; and may God’s blessing be with 
all those who help to bring this about. 



IV 

The Restoration of the Ancient Irriga« 
tion of Bengal in our Day 

89. I have established in !>iy third lecture that 
the ancient itrigalion of Bengal combated malaria., 
provided an abundant harvest of fish, enriched the 
soil, and made congestion of the rivers impossible. 
The lands were irrigated by long canals led straiglit 
away from the rivers; and the water was delivered 
during the floods into the fields by watercourses be- 
tween the fields. Ordinarily the abundant monsoon 
rainfall sulficed for the maturing of the rice crop, 
and the river water Yui.ugied with it and manured it; 
but to provide for breaks of rain in the monsoon, and 
ensure the rice fields being alw^ays full of water in 
order to keep alive the valuable fish, which, in the 
absence of linnks, had nowdiere to flee to, the amount 
of flood water needed for irrigatioji w^as the same as 
that .needed for rice when there is no rainfall, and 
that is, as a minimum, 1 cubic .foot per second for 
70 acres. Where drainage is good the cultivators 
use 1 cubic .foot per second for 40 acres. Mr. 
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Buckley, in his book on !■ in India says; 

The cultivators in Bebar and Orissa, during the 
rainy season, when the rice crop is under irrigation 
will often endeavour to drain the water off their 
fields and irrigate them m_ ir from the canals when- 
ever a freshet in the river brTng=: an extra quantity 
of silt into the water.” All wire-drawing of sup- 
plies is very harmful to cffcctixo fisl! cnliLro and 
agriculture, so I learnt from the peasantry. 

90. The importance of a high spring level in 
Bengal and consequently of plentiful irrigation in 
order (o comltal nuilariii effect iv(?ly is insisted upon 
by Dr. Bentley. This view is sound for this reason 
among others : a high spring level insures rice fields 
full of fish against drying up and so insures fish 
against destruction when they have no tanks to flee 
to. Mr. N. Bose, the agricultural officer of Hooghly 
says that the difficulty in Bengal, as a rule, is to 
keep moisture in the land. I have often noticed 
that the winter and summer pastures in damp fields 
of rice stubble are miles better than they are in dry 
fields. Hear what Oiieng-ki-tong the Chinese 
Gejieral said at the Paris Congress in 1889 : 

‘T may add that without these gigantic irri- 
gation works, the Chinese could never 
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have carried to such a pitch of perfec- 
tion one of their most important indus- 
tries. I speak of pisciculture. Thanks 
to the abundance of water my country- 
men have devoted themselves to the 
breeding of fish. The spawn is every- 
where carefully collected and sheltered 
in some spot where a perennial supply 
of water can be assured. The irriga- 
tion reservoirs teem with fish. During 
winter, the rice fields are fallow; the 
water is led into them, and they are 
instantly full of carp. This industry 
allows us to make fish a considerable 
factor in the food of our people.” 

One understands from this why there were 
abundant fish in Central Bengal in Bernier’s day. 
One also understands the great value of perennially 
swamped areas and “ bhils ” full of water. The 
drying up of these, and the destruction of the fish 
in them, increases malaria. Eice lands alter]ia,te- 
ly under water and dry, in which fish and shrimps 
are killed off are the allies of the mosquito. In 
this connection it is worth while referring to the 
recent words of Dr. Bruce Mayne, the malariolo- 
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gist, quoted in para. 65 of my third lecture : — His 
study of the irrigation system of Tanjore confirmed 
the view that Tanjore is an example of the beneficial 
effect of irrigation in stamping out malaria. The 
only cases of malaria he saw occurred in dry parts.” 
Of course Tanjore uses all the water in flood it can 
use. 

91. The Beport of the expert committee on the 
embankments and irrigation on the Orissa rivers, 
already quoted in para. 44 of my second lecture, has 
one significant sentence : — ” To continue as at 
present is merely to pile up a debt which will have 
to be paid, in distress and calamity, eventually.” 
Every word of this sentence has been true of every 
Kiver and Irrigation project in Central and "Western 
Benga] these 70 years. Every year of delay in re- 
introducing the irrigation of the past is encouraging 
people to appropriate more and more of the public 
domain. Every year is increasing the difficulties 
on tlio Bamodar and kindred rivers. Every extra 
year of the plague of malaria and of the deprivation 
of fish, the one strengthening food of the peasantry, 
is adding to the debilitation of the peasants them- 
selves. And every year of delay is sapping the 
mental fibre of the officials, and, in spite of pateiit 
proofs to the contrary, encouraging them to accept 
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as an oracle, the old official counsel of despair thus 
recorded :• — 

“ In this tract we have a number of dead 
streams which, were once large rivers... 
The rivers above alluded to are iilrciuh^ 
dead; to resuscitate them is practically 

impossible It has been urged that 

the G-overnment has been apathetic.... 

We do not conciu’, but consider that 
money spent uoiild simply have been 
thrown away...... These rivers can never 

be reconverted into live siroaius by the 
action of man.” 

92. This Jeremiad was written many years 
ago of ihc old canuls on the cast of the liooghly, 
which Bernier twice saw working about the middle 
of the ITih C(j.niafy, and which he so much !'i(li.in.red. 
The great feeder of this system, the giant Matha- 
bhanga canal, owing to a slight shift of the channel 
of the Ganges left entirely to itself, was actually dis- 
ch^irging in the flood of 1927 a discharge of 187,000 
cubic feet per second. The flood of 1927 was a 
puite ordinary one. In the spring of 1928, when 
it was dry, I measured the section, and it was a 
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wonderful section capable of caiTviug a wonderful 
discharge. Half this body of water would have 
sufficed for the irrigation of 6,000,000 acres of rice, 
or the whole of Jessore, and the eastern 

sections of X.-uiia. and the 24-Parganas, and much 
more besides if land had been there to be irrigated, 
'i.’ijis stream, forsooth,- is still called a “ dead river,” 
” to resuscitate which is practically impossible,” 
etc., etc. I have j‘ecoivod from Eao "Rii-hadur Hila- 
kanta Ayyar, Superintending Engineer of the Tan- 
jore delta, the copy of an informing lecture just deli- 
vered by him on the Tan jore Works. The Tanjore 
canals utilise about 35,000 cubic feet per second, 
which is T of the measured discharge of the Matha- 
bnaiigi.!, and yet the is called a ” dead 

river.” There must be something specially depress- 
ing in work continued for 70 years on Avrorig lines, 
which forces the Engineers st ill to call the Matha- 
bha.jiga a nd all the canals dependent on it ” dead 
rivers,” and so excuse themselves from doing any- 
thing to the head of the ^Ma.ihiibha ngn on the Gii nges, 
though prompt action taken in 1927-28 might have 
secured this inestimable asset to Bengal for ever. 
It is not yet too late. 

■93. The only thing which could get the Irri- 
gation Dejiartment out of its groove would be an 
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intra-departmental enquiry of engineers, doctors 
and ngricidturists. working together under the presi- 
dency of a V i' Here the President would be 

a real master in his own house, and the whole posi- 
tion would be one of life and vitnIiLy. Bengal 
never sees such Commissions on its canals and rivers. 
In Committees of engineers presided over by Civi- 
lians, the j'onlly able Presidents are not masters in 
their own houses. Tecb.nie:!! questions on 
rivers, asked and answered, moaning nothing in 
Bengal (liough they would mean much in virgin 
forests and plains, can '-(.i:-!'.:.-'; 1y confuse issues. 
Irrigation and river banks in flood time, under the 
special conditions which prevail in Bengal, con- 
cern : — 

(1) The combating of malaria. 

(2) The harvest of fish and rice. 

(3) The congestion of the rivers. 

It is i'lu; ignoi iug of public liealtli officials and agri- 
culturists in the matter of irrigalioii and river banks 
which has landed Bengal in the morass in which she 
is to-day. 

94. The problems east of the Hooghly may or 
may not be difficult, but the man has yet to be born 
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who can say that the problems east of the Damodar 
are difficult. They are easy but they need courage 
and alertness in execution. The tract between the 
Damdoar east of Burdwan and the H{)ogf ily was 

icl until 70 years ago, by the wrecks of the 
seven canals seen to-day on the ground. Six of 
them were main canals and one a tributary of one 
of the canals. Beginning at the south end I give 
in following ifode, 

in column (1) the names of the canals; 

,, (2) the net areas commanded approxi- 

mately in acres; 

,, (3) the discharges required in flood in 

cubic feet per second; 

,, (4) the width required at the heads in 

feet; 

,, (5) the widths ai ;he tails in feet; 

,, (6) the provisional depths of water in 

feet. Tlie water is to be in the 
calculations 1 foot above ground 
and 4 feet in soil. 


13 
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Table A. 


Widtha. Depth 


Names. 

Areas. 


/ ^ 

— — , 

of 



s 

Head. 

Tail, ■water. 



5 




(1) 

(2) 

(3) 

(4) 

(5) 

(6) 


Acres. 

G. Ft. 

Ft. 

Ft. 

Ft. 

(1) Kana Damodar 

... 125,000 

1,800 

120 

30 

6 

(2) Kana Nuddee 

... 210,000 

3,000 

200 

100 

5 

(3) Gya 

... 35,000 

500 

40 

30 

5 

(4) Ilsura 

... 130,000 

1,900 

130 

30 

6 

(5) Gargur 

... 110,000 

1,600 

110 

30 

6 

(6) Banka 

... 105,000 

1,500 

100 

30 

6 

Total 

... 715,000 10,300 





The gross area is 820,000 acres. 

95. Before I go straight on with these calcu- 
lations and with all the other caicnlations before ns, 
I must finish the history of the Damodar, which I 
can now do in an intelligible manner with the aid 
of the table I have just given. I begin with the 
Kana Nuddee and the Damodar, as they were the 
last of the old canals to be shut off. The Kana 
Nuddee was closed by an embankment in 1853, but 
in 1856 a breach 350 feet wide took place in the 
embankment, and, tlirongh this, the floods of the 
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Damodar found an escape. This breach !was left 
open, year in and year out, for 7 years till the end of 
1862. In 1863 a metalled road was made from 
Mymari to Oiiakdiggoc, and, apparently, to save the 
expense of a bridge, the opening of 350 feet was 
closed by an embankment and the metalled road 
taken over it ! The Kana Damodar used to take off 
from the right bank of the Kana Nuddee; and so, 
in a moment of time, 360,000 acres of land densely 
packed with inhabitants in the best section of what 
had been the richest iigi:icullural tract in '.in:; wT.oiu 
of India (see para. 20 of the first lecture) was de- 
prived of its irrigation. So say the engineers. 
The poii-nut^. thr.! they were at the same moment 
deprived of their fish supply. The iiealth officers, 
in their history of this tract, say that a plague of 
niala]'i{i broke out there in 1864, or the year after 
the breach. Ail 7 canals have now been shut for 
close on 70 years, with malaria everywhere and fish 
nowhere, on 800,000 acres of land. 

96. The peasantry cried for relief. Belief (if 
such it can be called) was given by the construction 
of the Jamalpoor Eeguiator in 1875 and the Eden 
Canal in 1881. The J amalpoor Eeguiator opens on 
to the Kana Damodar and the Kana Niiddee by a 
canal .with a bed width of some 15 feet and depth of 
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some 3 feet. Its height of bed prevents it from 
taking low water, and official rognlntion-. prevent it 
from taking high water. It ran for 2 days in 1927 
and 8 days in 1929. The Eden Canal feeds the Gya 
with a si 1 1 ice which opens on to rice fields; and it 
feeds the Gargiir, the Ilsura, the Kana Nuddee and 
the Kana Damodar with little watercourses called 
canals, on an average some 8 feet wide and 3 feet 
deep. They are only opened when the peasants 
have promised to take the water and pay for it. If 
no promises are forthcoming the canals are prompt- 
ly shut. These trumpery canals, a few feet wide, 
kept under lock and key and often closed, and which 
are credited with 10,000 acres of irrigation in 1929, 
are called the feeders of the six ancient canals which 
formerly irrigated 700,000 acres free of charge, sup-' 
plying the peasantry with abundance of fish and 
protecting them from malaria. 

97. I have just said that the Eden and 
Jamalpoor canals were credited with the irrigation 
of 10,000 acres. I shall explain this expression. 
The fact that these canals (may be, for only a few 
days per annum) let a little water diibble into the 
ancient canals, has put these ancient canals into 
the category of “ protected rivers,” and subjected 
the peasantry to pay for 'dLijig or taking water out 
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of on longih.-:. of !i0 i,n»{l 12 miles eacH. The 
water so lifted or taken is generally rain water 
which has drained out of the fields, Scott may 
have been hit 4 times under the belt. These 
peasants liave been hit oG limes under the belt dnring 
the last 50 years. Such is irrigation in Bengal to- 
day. It is unique in India. It is unique in the 
world, and thank G-od it is so. 

98. Let us now contemplate the table in para. 
94. Ill making preliminary estimates of the cost of 
these works we have the height of the Damodar 
flood as an asset. It allows us to make great econo- 
mies in the number of openings required for the re- 
gulnting heads. We have another asset in the 
winfling channels of the old canals threading their 
way through soil, compacted by muddy water flow- 
ing through it for many hundreds, may be thou- 
sands, of years and by roots of grass and shrubs. It 
will allow of a velocity of 3 feet per second. As 
the canals widen themselves in the lower reaches, 
let more and more water be sent down from the 
Damodar. The greater the quantity of water, the 
more damp the cniiiiir;. , the more numerous and 
healthy the fish, the less the malaria, the greater the 
cnriclung of ilie soil, and the less the congestion of 
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the Damodar. What a wonderful combination. 
Let the head regulator be taken up boldly to a point 
near the Damodar. THe existing timidly retired 
Jamalpoor Bcgulator, with its piled up banks of 
sand, is a warning for all time. Eegulators will be 
needed in the first reaches of the canals where the 
public domain has been a prey to the landowners. 
Very gj’eat care must be taken that the sites of the 
bead regulators are kept away from the sites of the 
heads of the ancient canals. I have seen bad acci- 
dents due to such mistakes. 

99. A]l()\\ i]ig for the valuable windings of the 
old canals, which must be scrupulously respected, I 
have made Table B. In which 

column (1) gives the names of the canals; 

,, (2) gives the lei-gD; of the canals in 

miles of 5,000 feet; 

,, (3) gives the mean area of excavation in 

square feet; 

}) (I) gives the number of millions of cubic 

feet of excavation. 
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Table B. 


Name of Canal. 

Length. 

Section. 

Earthwork, 

(1) 

(2) 

(3) 

(4) 


Miles. 

Sq. Ft. 

Mil. 0. Ft. 

Kana Damodar 

... 60 

320 

96 

Kana Nuddee 

... 40 

620 

124 

Gya 

... 30 

160 

24 

Ilsura 

... 60 

340 

85 

Gargur 

... 60 

300 

75 

Banka 

... 60 

280 

70 

vSarasiittee 

... 60 

200 

60 

Total 

... 340 


634 


Estimated Earthwork 534-, 000, 000 c. feet 

@ Es. 8 per 1,000- Es. 43,00,000 
ConiiogXTiciea @ 33 per cent. = ,, 15,00,000 


Total Es, 58,00,000 
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This means Es. 8 per acre on 715,000 acres. This 
is an absolutely outside figure. There is so much 
open channel available everywhere that the money 
saved will easily pay for every contingency includ- 
ing the land which has in places been stolen and the 
silt clcaninces of the canals for the first three years. 
Any man who steals the compact soil of the banks, 
robs his neighbour and robs the whole community. 
The co-opcrativc societies should devote themselves 
to the preservation of these valuable assets of the 
country and encourage the growth of a healthy pub- 
lic opinion on this point until the Government takes 
action. 

100. I now give Table C which lets us know 
the cost of the necessary masonry works. In this 
table 

column (1) the names of the canals; 

,, (2) gives the canal discharge in cubic feet 

per second; 

,, (3) gives tiio cost of the Head Eegiilato]' in 

Enpees; 

(4) gives the cost of the ordinary Eegula- 
tors in Eupccs; 

,, (5) gives the total cost. 
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Table C. 


Name of Canal. 

Discharge. 

Head 

Begnlator. 

, Regulator. 

Total. 

(1) 

(2) 

(3) 

(4) 

(S) 


C. Ft. 

Rs. 

Rs. 

Rs. 

Kana Damodar 

' 1,800 

85,000 

45,000 

130,000 

Kana Nuddee 

3,000 

120,000 

70,000 

190,000 

Gya 

500 

35,000 

15,000 

50,000 

Ilsura 

1,900 

90,000 

50,000 

140,000 

Gargur 

1,600 

75,000 

40,000 

115,000 

Banka 

Sarasuttee 

1,500 

75,000 

40,000 

115,000 

Total 


480,000 260,000 

740,000 


Cost of masonry works 

... Es 

. 7,40,000 

Cotiiirigeiici'es @ 33 per cent. , 

, 2,60,000 

Total 

... Rs. 

10,00,000 

Earthwork 

... Rs. 

58,00,000 

Masonry 


10,00,000 

Total 

... Es. 

68,00,000 


or Es. 9J per acre over 715,000 acres, which will be 


once again the rici;r::i h; 0 (l in India. 

14 
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101. As I have proposed the entry of lar-ge 
quantities of river water to mingle with the rain 
water in the old Bengal manner, we must make 
provision for it, though river water is not rain wafer. 
Plants well irrigated with river water stand tem- 
porary difficulties which overthrow weak plants; 
and a depression full of carp is not a depression 
without a carp in it; but we shall make provision. 
The drainage of the tract is disposed of by the Kan- 
tool Nuddee Escape into a practically tideless reach 
of the Hooghly and by the Sijhberia Masonry Escape 
into a tidal reach. The Kantool is 30 miles long of 

5,000 feet each and is a fine carrying channel. yVe 
shall add 800 square feet to its section by means of 
120,000,000 cubic feet of excavation. 

Rs. 

8 per 1,000 

= 9,00,000 

3,20,000 ' 


12,80,000 

We shall also have 4 additional Sijhberia 

Escapes ... -40,000 


Excavation 120,000,000 at Rs. 
Coriiingencies J 


Total 


,.. 16,80,000 
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Tlie total cost of the work will then be : — 
Es. 

Earthwork ... 58,00,000 

:vrasoin-> ... 10,00,000 

Escapes ... 17,00,000 


Total ... 85,00,000 

for 715,000 acres or Es. 12 per acre. The value of 
the land will rise from Es. 500 to Es. 1,000 per acre, 
and the resurrection of Central and Western Bengal 
will have begun. In 40 years the value of agricul- 
tural land in Egypt rose from ^150,000,000 to 
.-£550,000,000. It is to-day ^6700,000,000. 

102. The strip of land some 60 miles long and 
from 5 to 10 miles wide on the west of the Damodar 
which is to-dr.y exposed to the floods of the Damodar 
will be easy to irrigate direct from the Eiver in^ 
flood, but I cannot make any propositions here 
without either levels or the traces of old canals. 
These canals are necessary if this tract is ever to be 
protected from malaria and provided with communi- 
cations. In paras. 73 and 74 of my third lecture 
I have given my reasons and condemned the re- 
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i:novji] of long- stretches of embankment. The 
wholesale removal of these banks has raised the 
bed of the Damodar and done the very thing, to do 
away with which they were originally intended. 

108. We now come to the w^est and east banks 
of the Hooghly noi-th of Howi’ali and Galcutta, on 
which run the East Indian and Eastern Bengal Bail- 
ways. Baras. OG and G7 (a) of my Lhij'd lecture show 
clearly how malaria, which is everywhere on these 
banks, started with the construction of tJiese two 
embankments with insufficient and inadequate cul- 
verts for letting river water <‘ro.ss i]i(' lines outwards 
or drainage water cross them coming inwards. Ail 
these culverts do not need any regulating appara- 
tus. They only want to be adequate in number and 
sufficient in size. How for seventy years, embank- 
ments are allowed to impoverish lands, and im- 
poverish people iuid affiict tiuuu with malaria, when 
a trifling expenditure of money could bring relief is 
a standing source of astonishment in Bengal. When 
after all these years, these very necessary works are 
constructed, care should be taken that the cliarmeis 
leading to them and from them arc oncc' Ga;:-.*! gi;:/ 
cleaned and then left to the peasantry to maintain. 

104. We now come to the canals east of the 
Hooghly, the land of “ dead rivers,” which the 
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pessimists have pronounced to be “ already dead, 
and which can never He reconverted into live streams 
by the action of men ” (see para. 91). After having 
paced the Arallial'hangfi bed in 1928 and measured 
its depth below ground and seen the Ganges in Feb- 
ruary n.; -.'. ii:g freely down the Bhairab Jclingi, I 
saw in vision all these canals full of life as I recount- 
ed m my lecture of the 6th March, 1928; but this 
year I have stood with Khan Bahadur Aziz-el-Haque 
of Nadia District on Ahanu and seen the pro- 

mised land. The shift of i.hc channel of the Ganges 
which had in 1927-28 filled the "\r[itiial.)liangii in 
flood and the Bi ail rah head of the Jelingi with win- 
ter and summer water has continued till now n iid the- 
Districts of Murshidabad and Nadia have begun to 
use these old canals and are finding them as full of 
life as ever they were. The Ganges bed has only to 
be fixed as it is now before it shifts again, and the 
flood supplies of the Hooghly and all the “ dead 
rivers ” to the last most insigniflcinit one of them, 
will be again utilised. I call upon you Bengalis 
never to rest and never to let the irrigation service 
rest till you have secured the fixing of liic i)e{] of the 
Gaiiges in its present most favourable position. It 
might cost millions to bring it back if it changed its 
course and flowed again under Eampur-Boalia. 
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105. The old irrigatioii of the sandy tracts 
coBsiiUite by far the greater part of the dis- 
tricts of Murshidabad and Nadia was well suited to 
such tracts . The aus rice was off the ground by 
idgnst and then the banks were cut and the old 
canals miscalled dead rivers ” were opcM’.ed on to 
the fields of stubble, covering the ground with plenti- 
ful supplies and filling deep all bbiJs ” and low 
depressions and thoroughly saturiiting the ground. 
It was a kind of late basin irrigation of Egypt, and 
was followed, as over great part of Egypt, by winter 
crops of legumins. These winter crops were es- 
pecially valuable. The peasantry are looking for- 
ward to a return of the old prosperous days when 
irrigation with the muddy water of the Ganges flood 
was the heritage of all. I hkve been three times 
tliroLigh Nadia and once through Murshidabad by 
rfii'lway in day time, and along the whole length of 
the Ganges in a steamer, getting out and examining 
every place worth examining. To see the head of 
the Maihii'diinigu we had to walk 17 miles and then 
get back 17 miles in a bullock cart. A me failed 
road should be made to the head of the largest irri- 
gation canal in the whole world. With Mr. Inglis’ 
atlas before me, and with the aid -J engineers who 
have been familiar with the ground for years I have 
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been able to go over the districts one by one. It is 
very easy to follow the old irrigation canals and un- 
derstand how the country was irrigated. The irri- 
gation of the country east of the Hooghly must 
nlvrnTs hi^vc been on the broad lines laid down for 
Nadia and Murshidabad. The areas were too large 
and the canals on a scale far too great to permit of 
the delicate irrigation on the east of the Damodar. 
The early ‘ ‘ aus ’ ’ rice was off the ground about the 
beginning of August, and the wholesale irrigation of 
the ground by the numerous canals w^as begun in 
imitation of the basin irrigation of Egypt. In an 
Egyptian basin to-day anyone may grow any crop 
he likes in summer, but on the 20th of August, the 
Nile is opened into the basin, and any man who has 
not removed his crop loses it. 

106. In Central Bengal there are so many 
canals existing on the ground in a workable condi- 
tion that the {'xiKMidiriire on earthwork will not be 
great. It v.-ili be confined to the lengths of canal 
which have been ploughed up. These are most 
numerous in Murshidabad and then in Nadia. The 
canals in Jessore and Khulna have been left very 
much alone. If we reckon by the aci'es of land on 
which the canals have been obliterated we may put 
down for earthwork in l\rnrsfiidabnd — 
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Rs. 

Earthwork in Murshidabad ... 15,00,000 

Nadia ... 10,00,000 

24-Parganaa ... 5 , 00 , 000 


Total ... 30,00,000 
Contingencies J ... 10,00,000 


Total ... 40,00,000 


We now come to Regulators. As we have to pro- 
vide rrrvl-'to^’^ at the heads of every canal which 
takes off the head of the Bhagirathi or the Ganges 
in sandy soil, and the canals irrigate large areas the 
provision must be liberal. Canals such as the Gobra 
Nala and the Sealmari which take off the Ganges 
will need headworks which will cost Rs. 3,00,000 
each, ^\■llile ten simdler canals may be credited with 
Es. 50,000 each. The Bhairab-Jelingi and the 
Mathahliiingn will need no headworks. They escape 
into the BTooghiy or the Gorai. In the interior of 
tlie system, the Eegnlator on the 'Aiiniiahhaiig;! 
downstream of the Ghiinii Head will cost 
Es. 10,00,000 and that on fhe Churni Head will 
cost Es. 20,00,000. This will be the Escape into 
the Hooghly. The Kumar, which escapes into the 
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Gorai, will need a Eegulator costing Es. 5,00,000. 
Let it be always remembered that no water is ever 
escaped into the Gorai if it can possibly be avoided, 
but that it is escaped into the Hooghly, The Matha- 
bhanga is the true ridge of the country from the 
Ganges to the sea. Moreover as some canals in 
the interior of the system seem capable of taking 
more than their fair share of water, I shall make a 
provision of Es. 2,00,000 for each of 5 heads. We 
have therefore for masonry works : — 


2 at Es. 3,00,000 

Es. 

... 6,00,000 

10 ,, at Es. 50,000 

... 5,00,000 

1 Eegulator 

... 10,00,000 

1 ,, 

... 20,00,000 

1 „ 

... 5,00,000 

5 Eegulators at Es. 

... 10,00,000 

Total 

... 56,00,000 

Contingencies J 

... 17,00,000 

Total 

... 75,00,000 

We have therefore Earthwork 

... 40,00,000 

Masonry Works 

... 75,00,000 

Total 

...1,15,00,000 

M 
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liuJtipiyiny by 2, which is my invariable practice 
for preliminary estimates of this type, we have a 
total of Es. 2,30,00,000. This on 5,000,000 acres 
represents Es. 4'6 per acre. 

In old clays they used to sink boats laden with 
bricks and stone, at the heads of big canals in order 
to regulate on them, but an engineer can only pro- 
pose masonry works for canal heads of any impor- 
tance. 

107. .When I first saw Bernier’s map of what 
Central Bengal looked like in flood time, I wondered 
how people could grow rice in the midst of inunda- 
tions such as he shows, but it is evident that Bernier 
traversed the country in boats when the “ aus ” 
rice was off the ground and the banks had been cut 
and the whole country was under water. I know 
about the special rice on the Brahmaputra, but we 
are not on the Brahmaputra, How^ thorough tliis 
inundation can be will be realized when we can 
contemplate the Gobra Nala flowing across iMurshi- 
dabad, irrigating on both sides, mingling its waters 
with those of the Jelingi, crossing it on the level, and 
flowing on over Nadia. This is irrigation which 
will renew the face of the earth. We may expect 
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in a reasonable time to see the value of land in 
Central Bengal rise as follows 


^[ = !r-]ii{ifib;id 

from 150 Es. per acre to 

Es. 

300 

Nadia 

from 150 ,, ,, ,, ,, 

300 

J essore 

from 100 ,, ,, ,, ,, 

300 

Khulna 

from 200 ,, ,, ,, ,, 

400 

24-Parganas 

from 200 ,, ,, ,, ,, 

300 


108. We come now to the training and fixing 
of the Ganges. In paragraphs 76, ,77 and 78 of 
my third lecture I have laid down the lines on which 
I propose to work. Canals liable to silt cannot 
carry the coarse sand of the deep waters of rivers, 
but they are perfectly happy with the finer sediment 
of the upper waters. If the river bank is not pro- 
tected upstream of a weak canal head, and a current 
sets on the bank and brings it down, all the earth 
which falls into the river makes the water full of 
silt as it passes the canal head, and this silty water 
settles in the bed of the canal and makes it still 
weaker. “ Be sure of your canal head ” was 
Alexander the Great’s motto when he undertook the 
restoration of the fertility of ancient Babylonia. His 
first work on the Euphrates was to change the escape 
of the river from weak soil into good soil . The Escape 
of his day is the Euphrates of to-day; and ^vhcij i.]ie 
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barrage across the Euphrates was built, the work 
was rendered easy by the skill which Alexander had 
shown in choosing the site of the escape. (This 
work, by the way, lives a precarious life Ix-Ciiiise the 
Wali of Bagdad allowed the Barrage to be built, but 
took the money allotted for the protecting escape for 
army expenses. In Irak the army was to i]’rigation 
what navigation is to irrigation in Bengal.) The 
clear waters of rivers have a cutting edge coinpari d 
to wdiat the muddy flood waters have; and, as all the 
i !■,: i li ' I ■■ . ■ k carried out in times of clear water, 
we may rest assured that if we can get a river happy 
in its low water channel it will keep there in flood 
time. That is why skilfully carried out training and 
protective works are so effective. 

109. For protective works on the Ganges, I 
propose spurs of the kind described in para. 78 and 
for training works rows of acacia trees attached to 
long chains moored to wire-meshed sf:;i!sng(,\s full of 
well burnt and clinkered bricks, the sausages to be 
100 feet apart and the trees 10 feet apart. I esti- 
mate (under correction), a mile of o,0f,/0 feet of such 
a training line as costing Bs. 5,000. For protective 
■works I have already, in para. 77, given the cost of a 
spur as Es. 75,000. If I had had any experience of 
training and protective work on the Ganges or seen 
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anyone who had, I should speak here w i ib cer- 
tainty ; but, letting myself be guided by experience 
gained chcc- . I make the iug preliminary 
estimates for protecting and training •^■oi•k■- at the 
four sites where something should be done 
immediately. 

Es. 

(1) At the last or B’slrvvantpoor 

head of tlie Bhagirothi 6 spurs 
■@ Es. 75,000 = 4,50,000 

100 miles of training lines at 
Es. 5,000 = 5,00,000 

9,50,000 

(2) At the head of the Bhairab- 

Jelingi 200 miles of training 


lines at Es. 6,000 

= 10,00,000 

(3) At the head of the Af.ii sinldjang:) 


12 spurs at Es. 75,000 

= 9,00,000 

(4) At the Gorai Head 2 spurs at 


Es. 75,000 

= 1,50,000 

20 miles of training lines at 


Es. 5,000 

= 1,00,000 


2^50, OOO 
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TMs would give a total expenditure of 
Rs. 31,00,000. All this sounds very expensive, but if 
you do nothing for 70 years, you cannot expect to be 
in the position of a man who has worked on steadily 
from the beginning. I repeat here what I have al- 
ready said in para. 104 ; “ I call on you Bengalis 
never to rest and never to let the irrigation 
service rest till you have secured the fixing of the 
bed of the Ganges in its present most favourable 
position.’- 

110. The very preliminary estimates put be- 
fore you for restoring irrigation to the tracts which 
enjoyed it in old days and from which it has been de- 
prived for 70 years and over amount to — 

Earthwork. ^'^sonry^Works, 

Rs. Es Rb. 

Western Bengal 58,00,000 27,00.000 85,00,000 

Central Bengal 80,00,0(X) 2,30,00,000 

Ganges Works 3i,u(',(.ii.'iii jivou 


Tottil Bs. 1,38,00,000 2,08.00,000 3,40,00,000 

Of these, the Ganges training works and the mason- 
ry works should be carried out at once, nnd the eartli- 
work follow them as quickly as it conveniently can. 
How these works are to be financed is not the busi- 
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ness of the engineer, but I can tell you how our 
works in Egypt were financed when Egypt was 
practically bankrupt and not allowed to borrow 
money. The only tax which Lord Cromer was able 
fco touch was the tobacco tax and he raised it. The 
raising of the tobacco tax saved Egypt. If it had 
not been for this tax the British occupation would 
have come to an end before we had a chance of carry- 
ing out any of the works which cliaiiged the face of 
the country. The works we carried out soon paid 
for themselves and provided funds for future works ; 
but, without the tobacco tax, the works could not 
have been started at all. When I had completed the 
plans and estimates of the Aswan dam for storing 
water and the Assiout barrage on the Nile for uti- 
lising it, Lord Cromer told me that he was afraid I 
should never see the works built in my life as the 
treasury was practically empty and every penny of 
future savings pledged to the re-conquest of the 
Sudan. Within a year of this, Sir Ernest Oassel, 
the London financier, came to Egpyt and offered 
to build both the works, and hand them over to the 
Egyptian C',''- . Eor five years after the 
works were completed the interest would accumu- 
late and then he would be paid in 50 years. He is 
being paid for his works now, Within six months 
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of the completion of the works, the price of land in 
Egypt rose from 14 years’ purchase to 20 years’ pur- 
chase, or by 40 per cent., because the Keservoir in- 
sured the cotton crop. 

111. What happened in Egyipt would happen 
in Bengal if reliable final projects were prepared by 
men who believed in the irrigation of B. ■ and in 
whom the financial world liad confidence. The big 
financiers of the wnrld are spoiling for big projects 
and here is the beginning of a very big project. 
What succeeds on 7 million acres of Bengal will 
succeed on 6 times that area. An irrigation system 
which iiii>u(.-red for over 2,000 years in Bengal and 
v.liicli was based on I’fgypiia;.' practice wdiich has 
answered for 6,000 years in Egypt is one wliich can 
be depended on. 

112. If these canals are to do their duty as 

they used to do it before the \:VU ■ 

wars disorganized everything, the landowuiers and 
peasantry must first put their subsidiary w^ater- 
courses and tanks into good working order, and 
then clean the canals aniiually and repair the hanks 
with the material taken out of the canal beds. Tlii.'-i 
work is known as “ pulbandi ” in Bengal and has 
been already mentioned in para. 83 of the third lec- 
ture. As noted in this paragraph., a cess per acre 
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is 100 times fairer than personal service and far 
more effective. For the first 3 years, the peasantry 
will be quite unable to help in any way as their 
hands will be full of the work of cleaning and re- 
newing their tanks and restoring all their old water- 
courses. Here the co-operative societies should con- 
centrate their attention on this work being done in a 
spirit of good fellowship animated by the team- 
spirit. 

113. As the irrigation canals have all worked 
for thousands of years, they have rights over all the 
railways and roads which are children of yesterday. 
They also have of thousands of 

years’ standing, for the villages are all clustered on 
the canal banks, and wherever a country boat can 
go there you invariably see one to-day. In old days 
they were the only means of communication in 
flood time. The roads and railways, where they 
have crossed canals without allowing sufficient 
waterway, must provide the watenvay, or, in the 
case of roads make paved crossings and use ferries 
in flood. Along the whole length of the Euphrates, 
it was so in my time and I it is still the 

same, the river was always crossed by bridges of 
boats in low supply and by ferries in flood time. 
There was a little delay, but I never remember 

16 



123 


IRRIGATION IN BENGAL 


having seen cliiiicnlties anywhere. In tlie basirts ol 
Egypt, full of populous and ^Acll-io-do villages, all 
commimications in flood lime are by boat to-day, 
and have been so, for 6,000 ye;-* --. 

114. The Hooghly can only be : ■i.-.oiss-i:; 
supplied with the water which is essential to its 
existence as a navigable river for large steamers, if 
ji /,■ - is trained and an end put to the vagaries 

of the river. I have described the utterly dis- 
organized state of its IfliagiiT.iIii head in paras. 17 
and 18 of my lecture of the 6th ‘ •i :,”, 1928. When 

I saw it, it was distinctly a decaying river. And to- 
day the Hooghly owes its existence as a river to the 
vigorous canals which are styled “ dead rivers.” 
These canals have been given a new lease 

of life by the shift in the channel of the Granges 
which was so pronounced in 1927, and which made 
impression on me in the winter of 1927-28. 
Cfdciitta depends far more on the fixing for ever of 
this very fiisoiii'aHc' position of the Gange:^ than is 
isiinginefi by those who spend their time on the tidal 
reaches of the Hooglily and apparently Forgot that 
il ■■ 1; I -y of the situation is on the Ganges. All the 
streams which feed the Ehagiralhi and Thinghily on 
their western hank are insigniiicjint sources of sup- 
ply. The only reliable ■ lie on the Ghinges; 
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and, when the plains of Miirslhdabaci and Nadia are 
inimdated witii flood Avator, and this water, freed of 
all its sediment, is escaped into the Hooghly, the 
Hooghl} 'will see a kind of clear water with a cutting 
eilgi' which it saw in old days but to 'wldch it has 
long been a . 

115. All waterway!:; which cut clean across 
the drainage of an irrigated tract are anathema to 
the irrigation engineer. Such Avatei-wa\.>, if broad 
and deep, blast the I- along their courses. Tliank 
God that western coastal canal which cut clean 
across the drainage of the whole of Vu Bengal 
has been abandoned. Of the Eastern Sunierban 
route I repeat what I recorded in para. 69 of my 
third lecture : — ‘‘ The Sunderbans have many pas- 
•■■■i, and except in that at the extreme western 
end the pilots of the -•(..•j-U'.s select the one they 
find most -■■idd-’c for any particular time of the 
year.” The true Siinderban route, which cuts 
across no drainage is the route marked out by nature 
for i- '.'i 1 ’.'v:--. “ All that is needed at the western 

end is skill and pcrseverajice or a return to the old 
state of afiaii's when the flow of water in and out of 
so many tidal basins was not interfered wiih.” A 
return to the old state of affairs at the tidal basin of 
Diamond Harbour and elsewhere would not only 
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put the. Sunderban route on its legs but would dis- 
tinctly benefit the Hooghly by restoring to it one of 
its former tidal basins, of which it ought never to 
have been deprived. ‘ ‘ On rivers serving industrial 
areas, no works should be executed which definitely 
tend to obstruct the free flow of the tide.” (Marine 
Works by E. Latham, pages 120 and 121.) 

116. Of all the things I have said, there must 
be many which you will forget ; but I beseech you 
not to forget what I am now going to say. In para- 
graph 86 of my third lecture I have said : — “ The 
annual measurement of irrigated fields and pay- 
ment for individual irrigation is the mildew which 
blasts irrigation in Bengal to-day.” It equally 
irrigation in the Central Provinces and in 
Bundelkhand, and in many another locnhty. I ask 
you to rend (.^nrc fully all I said in paras. 86 and 87. 
Egypt has the most perfect system of land and irri- 
yntio:'* taxation in the world. It has lasted for 
6,000 years, and is working as perfectly to-day in 
perennially irrigated ‘i-acls as it has worked in the 
basins for these rnnny thousands of years. (Here I 
speak with direct knowledge, because I was Direc- 
tor-General of Land Tax Adjustment in Egypt, 
wbicl' Hx; d i!:e kiiid tax of the country 

for 30 years.) It is copied in many countries with- 
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out their knowing of it. If’ Bengal wants to have a 
peasantry, prosperous, free of malaria, and free of 
the worry of watching winds and clouds and who 
secure bumper harvests every year, let the land and 
irrigation tax ])e a single tax. Until that is done 
you will make no progress. I have travelled in 
Canada and the States, in North and South Africa 
and in Europe and Asia, in the interest of my pro- 
fession, and I know what I am speaking about, and 
I press my acquired information on you in the most 
solemn way I can. 

117, When flood irrigation has been secured to 
Central and Western Bengal, it will be time to think 
of reservoirs in the catchment basin of the Damo- 
dar for the provision of October and winter water to 
the lands between the Damodar and ii.ie Hooghly in 
place of the water which they have been deprived of. 

118. I thank H. E. the Governor and the Uni- 
versity of Calcutta for letting me, in my own way, 
help on the cause of Irrigation in India ; India, the 
country in which I was born, where I spent the first 
30 years of my life, and which I have always loved. 
I thank you Miss McLeod and your English friends 
for bringing me here. May God richly bless your 
devoted service to the cause of Bengal. I thank Dr. 
Bentley and all the officials who enabled me to ful- 
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fil my mission. And finally I thank Dr. of the 
Central Co-operative^ A 111.10.111 i;! via i Society, Mr. 
Nandi, District Engineer, Hooghly, and Dr. 
Dangnli, District Healtli Officer of IXotigiil'. , who 
insured the success of week’s work among the 
peasantry. Lord Cromer w^as ■.-ighi- when he told us 
that if one wished to know the wants of a country, 
it was the peasantry to whom one should go. By 
acting on his advice I have been enabled to give 
you a vision of the ancient irrigation of BcJigal 
which I could not have done if I had spent a life- 
time in Beugai, wiuluaii seeing the pcasnnti’y in- 
forniiilly in their homes. 

118 (a). Dnriiig the week I spent on the long 
lines of filthy pools, on both sides of which are 
clustered the decayed homes of the 
,4 stricken with malaria, it was difficult to 

» realize that 70 years ago these had been broad 

streams of living water teeming with fish, on 
whose banks had clustered prosperous and ijCiiiiJ.!}’ 
villages. I asked a friend to let me know the 
amount of money spcjiL annually on the mainten- 
ance of irrig.iiv" Ic 1 He told me that mak- 
ing the best use of published figures, and ieoving 
out the cost of establishment, we might say that 
in recent veat-'s the proportions spent on works were 
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for Irrigation 7 per cent. 

Biver banks 36 ,, ,, 

Navigation 57 ,, ,, 

Cindoreiln is lo-dnv sitting in ashes, but her day is 
at hand. 

119. The task before ns is tlie restoration of 
the aiiciojit inv. ii--!- of Bengal in our day. TIun'c 
is nothing under heaven tliat can be done to bring 
back the days when travellers considered Central 
Bengal as rich as Egypt and the Bnrdwan Eaj as 
claiming first rank in productive agricultural value 
in the whole of India, I say, there is nothing th.-it 
can be done except the reintroduction of the ancient 
r-ri of Bengal which was definitely -i up 
by the Irrigation Department 70 years ago. 

120. That the ancient irrigation of Bengal is 

alone capable of bringing back the old prospei-ity 
of the country is ampl}’’ borne out by what has 
happened in the last seventy years. The Ir- 
Departineiii has tried its hand at every kind of irri- 
gation except the a'ncienl irrigation. The re 'Ui ting 

poverty of soil, destruction of fish, introduction of 
malaria and (‘onger-iion of the rivers have stalked 
the canals and banks ; and the country is strewn to- 
day wiiii the wrecks of ii-cTess and harmful works, 
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Let a return be made to the ancient irrigation of 
Bengal ; and the country will be touched as u’iih a 
magician’s wand, and your ancient prosperity will 
be at your very doors. This will be so because the 
ancient irrigation of Bengal was flood irrigation and 
not perennial irrigation, as I have shown in para. 
32 of my second lecture. Your very rivers are 
rousing you to action. The Ganges has wearied of 
the engineers doing nothing to train it and has 
trained itself. It has put life into its old water- 
ways. Take its action as a summons from Heaven, 
enter upon your rich heritage of well aligned and 
well placed canals, and may God be with you in all 
you do. 
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